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The long head of the biceps brachii tendon is subject to extreme amounts of compressive and 
tensile forces during overhead activities.  As a result of these forces, a variety of pathological 
conditions can occur.  It is unclear whether these conditions are a result of the biceps serving 
an active or passive role at the glenohumeral joint.  Though previous research has attempted 
to determine the role of the biceps, disparities exist in the findings.  The active contribution 
of the biceps can be determined by comparing shoulder muscle activation at varying 
elevation arcs pre and post biceps fatigue.  These results can aid in the discussion about the 
appropriateness of common surgical techniques performed.   A mixed model ANOVA was 
run to compare the muscle activities during the various humeral elevation arcs pre and post 
biceps fatigue protocol. The study found no significant changes in EMG activity between pre 
and post fatigue muscle activation. 
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 CHAPTER I 
INTRODUCTION 
Overview 
The long head of the biceps brachii tendon, along with the other structures 
surrounding the glenohumeral joint sustain high magnitudes of stress during overhead 
athletic movements (Grossman, et al., 2005; Huffman, et al., 2006).  Due to the anatomic 
location of the biceps tendon and the glenoid labrum, the biceps-labral complex is subjected 
to tensile, compressive, and frictional stresses, which are all contributors to biceps tendon 
and glenoid labrum pathologies (Andrews, Carson, & McLeod, 1985; Barber, Field, & Ryu, 
2008; Beltran, Jbara, & Maimon, 2003; Cowderoy, Lisle, & O'Connell, 2009; Neer, 1983; 
Snyder, Karzel, Del Pizzo, Ferkel, & Friedman, 1990).   
Tensile forces occur during the deceleration phase of an overhead throw and also 
occur during the late cocking phase due to what has been described as the peel back 
mechanism (Burkhart & Morgan, 1998).  When the arm is forced into abduction and 
maximal external rotation during the cocking phase of throwing, the twisting of the biceps 
tendon can result in the peel back of the attachment of the biceps tendon, the superior glenoid 
labrum, from its attachment on the glenoid (Burkhart & Morgan, 1998).  Both of these 
tension mechanisms have been associated with superior labrum anterior to posterior (SLAP) 
tears (Burkhart & Morgan, 1998; Krupp, Kevern, Gaines, Kotara, & Singleton, 2009).   
Compression forces can also occur when the biceps tendon becomes compressed as it 
passes under the subacromial arch.  Cross body motion, internal rotation, and forward flexion 
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at the glenohumeral joint have all been shown to cause the humeral head to translate 
superiorly, thus decreasing the space under the subacromial arch and compressing the long 
head of the biceps tendon (Krupp, et al., 2009).  Numerous studies have shown that these 
compressive forces can lead to degenerative conditions of the biceps tendon as a result of 
repetitive overhead motion (Cowderoy, et al., 2009; Krupp, et al., 2009; Neer, 1983).  
Frictional forces can cause irritation and degeneration of the biceps tendon as well.  The 
biceps tendon passes at about a 30° to 40° angle from its origin to the bicipital groove and 
when the arm is placed into abduction and external rotation, the tendon displaces medially 
and has the potential to rub over the lesser tuberosity of the humerus (Sethi, Wright, & 
Yamaguchi, 1999).  As a result of the multiple causes of irritation to the biceps tendon, the 
long head of the biceps has been shown to be a common cause of shoulder pain, with either a 
primary or secondary tendinopathy as the source of pain (Frost, Zafar, & Maffulli, 2009; 
Murthi, Vosburgh, & Neviaser, 2000).   
Since the biceps brachii is a biarticulate muscle that crosses both the elbow and 
glenohumeral joints, it has the potential to function at both joints (Sethi, et al., 1999).  The 
biceps brachii consists of a short head and a long head, with the long head of the biceps 
originating from the superior glenoid tubercle of the scapula and the superior glenoid labrum 
and the short head originating from the coracoid process of the scapula (Halder, Itoi, & An, 
2000).  Both heads form the muscle belly distally and eventually insert on the ulnar margin 
of the radial tuberosity via a common tendon and the ulnar fascia (Cucca, McLay, Okamoto, 
Ecker, & McMenamin, 2009).  While the role of the biceps at the elbow joint as an elbow 
flexor and forearm supinator have been widely agreed upon (Halder, et al., 2000; Kokkalis & 
Sotereanos, 2009), there is no consensus on the role of the biceps at the glenohumeral joint, 
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despite the numerous studies that have been conducted to answer this question (Itoi, Kuechle, 
Newman, Morrey, & An, 1993; Kido, et al., 2000; Kumar, Satku, & Balasubramaniam, 1989; 
Landin, Myers, Thompson, Castle, & Porter, 2008; Rodosky, Harner, & Fu, 1994; Warner & 
McMahon, 1995).  While some studies suggest the biceps serves a passive or active role at 
the glenohumeral joint (Itoi, et al., 1993; Kumar, et al., 1989; Rodosky, et al., 1994; Warner 
& McMahon, 1995), other studies suggest the biceps serves a minimal role or no role at all 
(Landin, et al., 2008; Levy, Kelly, Lintner, Osbahr, & Speer, 2001; Yamaguchi, Riew, 
Galatz, Syme, & Neviaser, 1997).  
Hypothesized roles of the biceps at the glenohumeral joint include resistance of 
glenohumeral external rotation, stabilization of the humeral head in the anterior and superior 
direction, and humeral head depression (Itoi, et al., 1993; Kumar, et al., 1989; Rodosky, et 
al., 1994; Warner & McMahon, 1995).  These hypothesized roles serve as protective 
mechanisms during overhead activity.  Stabilization of the humerus is very important when 
the arm is in abduction and external rotation, since excessive anterior translation can lead to 
anterior dislocation of the humeral head (Cutts, Prempeh, & Drew, 2009).  Using cadaveric 
shoulders and simulation of external muscle forces, Rodosky et al. (1994) reported that the 
biceps acts to resist humeral external rotation and limit anterior humeral head translation 
when the arm is placed in abduction and external rotation.  Any superior migration of the 
humeral head has also been attributed to subacromial impingement (Warner & McMahon, 
1995).  Another study using cadaveric shoulders demonstrated that the biceps may prevent 
superior translation by producing joint compression during flexion and supination of the 
forearm (Kumar, et al., 1989).  The study demonstrated that the tensing of the long head or 
both the long head and the short head did not result in superior humeral translation, while 
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tensing of the short head of the biceps in absence of the long head resulted in superior 
migration of the humeral head.   
The depressor role of the long head of the biceps tendon has been shown to be evident 
in individuals with rotator cuff deficient shoulders (Kido, et al., 2000).  The long head of the 
biceps, during active contraction, was found to depress the humeral head at 0°, 45°, and 90°, 
thus further confirming the findings of Warner & McMahon (1995) that a ruptured long head 
of the biceps tendon can lead to superior migration of the humeral head.   
While the above studies examine the role of biceps in stabilizing the glenohumeral 
joint during movement, others have examined the contribution of the biceps as a prime 
mover during glenohumeral motion (Furlani, 1976; Glousman, et al., 1988; Kumar, et al., 
1989; Rodosky, et al., 1994; Sakurai, Ozaki, Tomita, Nishimoto, & Tamai, 1998; 
Yamaguchi, et al., 1997).  Numerous studies have found the biceps brachii to be active with 
both flexion and abduction of the glenohumeral joint (Furlani, 1976; Glousman, et al., 1988; 
Rajendran & Kwek, 1991; Sakurai, et al., 1998).  Studies have demonstrated that the biceps 
brachii is active during active and active resisted motions including abduction and flexion 
(Furlani, 1976; Sakurai, et al., 1998).  While these studies support the notion that the long 
head of the biceps is active and plays a role during glenohumeral motion, the magnitude of 
the biceps activity and whether or not the active contraction of the biceps significantly 
contributes to the glenohumeral motion has been debated. 
Further studies have shown that the biceps brachii serves little to no function at the 
glenohumeral joint during flexion, abduction, internal rotation, and external rotation tasks 
(Landin, et al., 2008; Levy, et al., 2001; Yamaguchi, et al., 1997).  In individuals with no 
rotator cuff lesions, the biceps was found to have minimal activation after 30° of humeral 
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elevation.  The authors contributed this to the decline in the biceps force production due to 
the suboptimal length tension relationship of the biceps above 30° of humeral elevation 
(Landin, et al., 2008).  Other studies have also shown biceps activity to be insignificant 
during various shoulder motions (Levy, et al., 2001; Yamaguchi, et al., 1997).  By 
eliminating elbow function through the use of a brace, both studies found the biceps to have 
no significant effect on isolated glenohumeral motion.  Variations in the speed, the plane, and 
the resistance of the glenohumeral motion all proved to have no effect on the active 
contribution of the biceps (Levy, et al., 2001; Yamaguchi, et al., 1997).   
Although the biceps has been shown through research to serve an active role, passive 
role, and no role at all at the glenohumeral joint (Itoi, et al., 1993; Kido, et al., 2000; Kumar, 
et al., 1989; Landin, et al., 2008; Rodosky, et al., 1994; Sakurai, et al., 1998; Warner & 
McMahon, 1995; Yamaguchi, et al., 1997), the exact function of the biceps has yet to be 
determined.  The inconsistency in the reported roles of the biceps demonstrates that a 
definitive understanding of what role the biceps plays at the glenohumeral joint does not 
exist.   
It is important to understand the exact function of the long head of the biceps at the 
glenohumeral joint because of its implication on rehabilitation and surgical treatment options 
for individuals with proximal biceps tendon pain or labral pathologies (Barber, et al., 2008; 
Drakos, et al., 2008; Franceschi, et al., 2007; Friedman, Dunn, Higgins, & Warner, 2008; 
Frost, et al., 2009; Hsu, Miller, & Curtis, 2008; Kelly, Drakos, Fealy, Taylor, & O'Brien, 
2005; Kokkalis & Sotereanos, 2009; Wolf, Zheng, & Weichel, 2005).  As discussed above, 
the biceps tendon and glenoid labrum are susceptible to injuries including biceps 
degeneration, biceps ruptures, and labral tears (Eakin, Faber, Hawkins, & Hovis, 1999; 
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Friedman, et al., 2008; Krupp, et al., 2009).  Some of these injuries, especially labral tears, 
may require surgery.  Currently, the surgical treatment options focusing on the biceps/labral 
complex include biceps tenodesis and biceps tenotomy.  Biceps tenodesis is a procedure that 
involves releasing the superior long head of the biceps tendon from its attachment at the 
glenoid and relocating it via a bony fixation to the proximal humeral head, bicipital groove, 
or rotator interval (Drakos, et al., 2008).  Biceps tenotomy is a procedure that involves 
releasing the long head of the biceps from it’s superior attachment at the glenoid, without any 
re-fixation (Kelly, et al., 2005).  Both the tenodesis and tenotomy procedures result in the 
reduction or elimination of the role of the biceps at the shoulder, as the biceps tendon no 
longer will cross the glenohumeral joint (Drakos, et al., 2008; Frost, et al., 2009; Kelly, et al., 
2005), which should not affect the shoulder function if the biceps plays no role at the 
glenohumeral joint.  However, if the biceps play a role at the glenohumeral joint in 
stabilizing the humeral head or producing movement at the joint, releasing the biceps tendon 
and relocating it to the proximal humerus may lead to excessive humeral head translation, 
reduction in force production, and alteration in the activation pattern of the muscles 
surrounding the glenohumeral joint to compensate for the reduced contribution from the 
biceps.  Therefore, the appropriateness of these surgical options remains unknown because 
the role of the biceps/labral complex at the glenohumeral joint is still inconclusive (Barber, et 
al., 2008; Cowderoy, et al., 2009; Itoi, Hsu, & An, 1996; Kido, et al., 2000; Landin, et al., 
2008; Sakurai, et al., 1998; Yamaguchi, et al., 1997). 
Most of the previously conducted studies examining the functions of the biceps tendon have 
been conducted on cadavers (Halder, Zhao, Odriscoll, Morrey, & An, 2001; Itoi, et al., 1993; 
Kumar, et al., 1989; Rodosky, et al., 1994).  The limitations of the studies using the cadaveric 
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shoulders are that the researchers typically cut off a lot of surrounding tissues, muscle forces 
are simulated, and biceps function cannot be assessed during functional tasks.  One in vivo 
study assessing the role of biceps did not measure glenohumeral motion with resistance 
applied to the arm, which can directly affect muscle activation (Yamaguchi, et al., 1997).  
The current study will attempt to investigate the role of biceps at the glenohumeral joint by 
measuring muscle activation both before and after decreasing the active contribution of the 
biceps through muscular fatigue.  Muscle fatigue results in decreased force output by a 
number of proposed exercise related changes including the accumulation of inorganic 
phosphate, accumulation of H+ ions, accumulation of Mg+2 ions, inhibition of Ca+2 release, 
decreased conduction velocity of action potentials, and an increase of K+ ions in the muscle 
fibers (Ament & Verkerke, 2009).  Since the study will employ a fatigue protocol that 
isolates the biceps muscle, we can infer the role of biceps at the glenohumeral joint by 
examining the change in glenohumeral muscle activation following the fatigue protocol. 
Purpose/Clinical Significance 
To date, no study has utilized a muscle fatigue protocol as a way to determine the role of the 
biceps at the glenohumeral joint.  Fatigue of the biceps brachii would directly affect the 
contractile units of the biceps brachii and cause them to become deficient.  In turn, force 
production would be reduced and the biceps brachii would be diminished as a main source of 
active contributions to glenohumeral function.  The purpose of this study is to examine the 
active role the biceps brachii has at the glenohumeral joint during the humeral elevation 
tasks.  Through assessment of muscle activation before and after biceps brachii fatigue, a 
determination about the active role of the biceps brachii can be made.  The results of this 
study will provide a clearer understanding of the active role the biceps brachii has at the 
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glenohumeral joint.  Determining what role the biceps serves at the glenohumeral joint will 
add clarity to the ongoing debate regarding the most appropriate surgical interventions for 
biceps tendon pathologies.  
Independent Variable 
• Biceps brachii muscle fatigue protocol 
Dependent Variables 
• Glenohumeral muscle activation during the humeral elevation tasks in the scapular 
plane, sagittal plane, and internal/external rotation.   
• Biceps brachii, anterior deltoid, middle deltoid, posterior deltoid, and infraspinatus 
mean activation during glenohumeral scaption, flexion, and internal/external rotation.  
Research Questions/Hypothesis 
Research Question 1.  What is the effect of biceps brachii fatigue on glenohumeral muscle 
activation during glenohumeral scaption?  
• Research Question 1a: What is the effect of biceps brachii fatigue on biceps brachii 
muscle activation? 
• Research Question 1b: What is the effect of biceps brachii fatigue on anterior deltoid 
muscle activation? 
• Research Question 1c: What is the effect of biceps brachii fatigue on middle deltoid 
muscle activation? 
• Research Question 1d: What is the effect of biceps brachii fatigue on posterior deltoid 
muscle activation? 
• Research Question 1e: What is the effect of biceps brachii fatigue on infraspinatus 
muscle activation? 
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Hypothesis 1.  Muscle activation of the biceps brachii, anterior deltoid, middle deltoid, and 
posterior deltoid will be significantly increased following a biceps brachii fatigue protocol 
during glenohumeral scaption.   
• Hypothesis 1a: Biceps brachii activation will be increased following a biceps fatigue 
protocol 
• Hypothesis 1b: Anterior deltoid activation will be increased following a biceps 
fatigue protocol 
• Hypothesis 1c: Middle deltoid activation will be increased following a biceps fatigue 
protocol 
• Hypothesis 1d: Posterior deltoid activation will be increased following a biceps 
fatigue protocol 
• Hypothesis 1e: Infraspinatus activation will not change following a biceps fatigue 
protocol 
Research Question 2.  What is the effect of biceps brachii fatigue on glenohumeral muscle 
activation during glenohumeral flexion?  
• Research Question 2a: What is the effect of biceps brachii fatigue on biceps brachii 
muscle activation? 
• Research Question 2b: What is the effect of biceps brachii fatigue on anterior deltoid 
muscle activation? 
• Research Question 2c: What is the effect of biceps brachii fatigue on middle deltoid 
muscle activation? 
• Research Question 2d: What is the effect of biceps brachii fatigue on posterior deltoid 
muscle activation? 
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• Research Question 2e: What is the effect of biceps brachii fatigue on infraspinatus 
muscle activation? 
Hypothesis 2.  Muscle activation of the biceps brachii, anterior deltoid, middle 
deltoid, and posterior deltoid will be significantly increased following a biceps brachii 
fatigue protocol during glenohumeral flexion.   
• Hypothesis 2a: Biceps brachii activation will be increased following a biceps fatigue 
protocol 
• Hypothesis 2b: Anterior deltoid activation will be increased following a biceps 
fatigue protocol 
• Hypothesis 2c: Middle deltoid activation will be increased following a biceps fatigue 
protocol 
• Hypothesis 2d: Posterior deltoid activation will be increased following a biceps 
fatigue protocol 
• Hypothesis 2e: Infraspinatus activation will not increase following a biceps fatigue 
protocol 
Research Question 3.  What is the effect of biceps brachii fatigue on glenohumeral muscle 
activation during internal/external rotation?  
• Research Question 3a: What is the effect of biceps brachii fatigue on biceps brachii 
muscle activation? 
• Research Question 3b: What is the effect of biceps brachii fatigue on anterior deltoid 
muscle activation? 
• Research Question 3c: What is the effect of biceps brachii fatigue on middle deltoid 
muscle activation? 
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• Research Question 3d: What is the effect of biceps brachii fatigue on posterior deltoid 
muscle activation? 
• Research Question 3e: What is the effect of biceps brachii fatigue on infraspinatus 
muscle activation? 
Hypothesis 3.  Muscle activation of the biceps brachii, anterior deltoid, middle deltoid, and 
posterior deltoid will not significantly increase following a biceps brachii fatigue protocol 
during glenohumeral internal/external rotation.   
• Hypothesis 3a: Biceps brachii activation will not increase following a biceps fatigue 
protocol 
• Hypothesis 3b: Anterior deltoid activation will not increase following a biceps fatigue 
protocol 
• Hypothesis 3c: Middle deltoid activation will not increase following a biceps fatigue 
protocol 
• Hypothesis 3d: Posterior deltoid activation will not increase following a biceps 
fatigue protocol 
• Hypothesis 3e: Infraspinatus activation will not increase following a biceps fatigue 
protocol 
Null Hypothesis 
• Glenohumeral muscle activation will not significantly change following a biceps 
brachii fatigue protocol, for any of the motions tested. 
Operational definitions 
Muscle fatigue: 
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• The point at which peak torque output of the biceps brachii drops below 50% of the 
maximal voluntary contraction for three consecutive trials (J. B. Myers, Guskiewicz, 
Schneider, & Prentice, 1999; Voight, Hardin, Blackburn, Tippett, & Canner, 1996) 
Assumptions 
• Surface EMG is a valid measure of muscle activity 
• An electromagnetic tracking device is a valid measure to assess joint angles 
• Participants will report any pain that occurs during the study 
• The functional role of the biceps at the shoulder will be the same for all populations 
• EMG activity from the belly of the biceps brachii reflects fatigue of the long head of 
the biceps brachii  
• Subjects will follow instructions and provide full effort 
• The fatigue protocol will only fatigue the biceps brachii and not the other muscles of  
the shoulder 
Delimitations 
• Subjects with history or current shoulder pathology will be excluded from the study 
• EMG data from the infraspinatus will be collected and used to infer the EMG data for 
the remaining three rotator cuff muscles  
• Subjects will use biofeedback to control and limit the activation of the rotator cuff 
musculature during the fatigue protocol 
• Will attempt to limit fatigue of surrounding shoulder muscular by securing humerus 
in place while only allowing elbow flexion and extension during the fatigue protocol 
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Limitations 
• Lack of EMG data from deep rotator cuff muscles prevents any way of 
monitoring activity levels during the fatigue protocol 
• Inability to limit fatigue of surrounding glenohumeral shoulder musculature 
• The findings of this study will be limited to function at the shoulder with the elbow 
fixed; therefore, effects on the shoulder with elbow movement allowed cannot be 
made  
• The passive role of the biceps tendon will not be studied; therefore generalizations 
about the function of the biceps at the shoulder cannot be made 
 
 
 CHAPTER II 
REVIEW OF THE LITERATURE
Introduction 
The function of the biceps brachii at the glenohumeral joint has been studied by for 
over 30 years (Furlani, 1976; Itoi, et al., 1993; Kido, et al., 2000; Kumar, et al., 1989; 
Landin, et al., 2008; Rodosky, et al., 1994; Sakurai, et al., 1998; Warner & McMahon, 1995; 
Yamaguchi, et al., 1997).  Much of the research conducted has focused on attempting to 
determine an active and passive role of the biceps at the glenohumeral joint.  Although most 
research agrees that the biceps tendon serves a purpose at the glenohumeral joint, the exact 
role has yet to be determined.  Determination of the role of the biceps is important, as biceps 
tendon and labral pathologies are common in overhead athletes, and the role biceps plays at 
the glenohumeral joint has implications for conservative and surgical interventions used to 
treat these injuries (Eakin, et al., 1999; Friedman, et al., 2008; Keener & Brophy, 2009; 
Murthi, et al., 2000; Neer, 1983).  Overhead athletes place the anatomical structures 
surrounding the glenohumeral joint under extreme amounts of stress that may predispose 
them to biceps tendon pathologies (Andrews, et al., 1985; Cowderoy, et al., 2009; Eakin, et 
al., 1999).  Surgical interventions are necessary in severe biceps tendon pathologies, such as 
biceps tendon degeneration and biceps/labrum complex injuries (Barber, et al., 2008; Drakos, 
et al., 2008; Franceschi, et al., 2007; Frost, et al., 2009; Kelly, et al., 2005; Wolf, et al., 
2005).  However, controversies exist regarding the most appropriate surgical options to treat 
the injury.  Specifically, the appropriateness of the surgical techniques that involve 
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detachment of the long head of the biceps from its origin on the glenoid and the glenoid 
labrum (tenotomy and tenodesis) cannot be determined without understanding the role of 
biceps at the glenohumeral joint.  Therefore, the purpose of the study is to determine the 
active role of the biceps tendon at the glenohumeral joint by assessing the change in 
glenohumeral muscle activation patterns when the active contribution of the biceps brachii 
muscle is decreased through the introduction of fatigue. 
The purpose of this review of literature is to discuss (1) the anatomy of the glenohumeral 
joint with emphasis on the biceps tendon/labral complex, (2) biomechanics of the 
glenohumeral joint, (3) common injuries to the long head of the biceps and the biceps/labral 
complex, (4) previous studies investigating the role of biceps at the glenohumeral joint, (5) 
controversy over the surgical options, and (6) the effect of muscle fatigue on active force 
production.  Understanding of the detailed anatomy of the glenohumeral joint and 
biceps/labral complex is important in understanding the biomechanics of the glenohumeral 
joint and the types and mechanisms of common injuries the structure encounters.  Review of 
the previous research conducted examining the role of the biceps tendon will help 
demonstrate the gap in knowledge and the need for this study.  Discussion regarding the 
controversy over surgical techniques will provide clinical application of the study.  Finally, a 
discussion of muscle fatigue will explain how the muscle fatigue will be utilized to decrease 
the active contribution of the biceps in this study.   
Anatomy of the glenohumeral joint 
The glenohumeral joint is a ball and socket joint that permits movement about 
multiple axes (Barber, et al., 2008; Bicos, 2008; Cooper, et al., 1992; Culham & Peat, 1993; 
Halder, et al., 2000).  The joint is comprised of the humerus and the scapula, which serve as 
  
16
attachment sites for many different muscles of the upper extremity.  The glenoid fossa is the 
articulating surface of the scapula that articulates with the head of the humerus.   
The biceps brachii is one of the many muscles that cross the glenohumeral joint.  
Since the biceps brachii also crosses the elbow joint, this bi-articulate muscle functions at 
both joints.  While the biceps functions as an elbow flexor and forearm supinator at the 
elbow, its function at the glenohumeral joint is less clearly defined (Itoi, et al., 1993; Kido, et 
al., 2000; Kumar, et al., 1989; Landin, et al., 2008; Rodosky, et al., 1994; Sakurai, et al., 
1998; Warner & McMahon, 1995; Yamaguchi, et al., 1997). 
The biceps brachii consists of two different heads.  The short head, which originates 
from the coracoid process of the scapula, and the long head, which originates from the 
superior glenoid tubercle of the scapula and the superior glenoid labrum, make up the biceps 
brachii.  These two heads meet at the level of the deltoid tuberosity and form the muscle 
proper.  The muscle then continues and inserts on the radial tuberosity to the elbow joint 
(Andrews, et al., 1985; Barber, et al., 2008).   
The insertion of the long head of the biceps tendon on the glenoid labrum has been 
commonly referred to as the biceps/labral complex and has been an area of interest by 
researchers.  (Habermeyer, Kaiser, Knappe, Kreusser, & Wiedemann, 1987) found the long 
head of the biceps tendon to originate from the superior glenoid tubercle and superior labrum 
in 28% of cases, from the labrum alone in 20% of cases, and from superior glenoid tubercle 
alone in 48% of cases.  Another study has demonstrated an even distribution of origination 
from both the glenoid tubercle and the glenoid labrum (Vangsness, Jorgenson, Watson, & 
Johnson, 1994).  This study looked at 105 cadaver shoulders, examining the relationship 
between the long head of the biceps with the superior glenoid tubercle and glenoid labrum.  
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More in depth analysis of the location of insertion of the biceps tendon revealed four distinct 
locations exist for the point of insertion.  These were found to be posterior labrum in 22% of 
cases, posterior dominant labrum in 33% of cases, equal posterior and anterior labrum in 
37% of cases, and entirely anterior labrum in 8% of cases (Vangsness, et al., 1994).  An 
additional study reported similar findings with 27.7% of cases posterior labrum attachment, 
55.4% posterior dominant labrum attachment, and 16.8 % equal posterior and anterior 
attachment (Tuoheti, et al., 2005).   
The glenoid labrum is a fibrocartilaginous ring that surrounds the edge of the glenoid 
fossa.  The labrum has been described as having a smooth surface and triangular wedges both 
anteriorly and posteriorly (Beltran, et al., 2003).  While the inferior labrum has been 
described as being continuous with the articular cartilage of the glenoid, the superior labrum 
has been described as being more loosely attached to the underlying rim of the glenoid 
(Mileski & Snyder, 1998).  Partial detachment of the superior labrum from the glenoid 
creates what is called a sublabral hole.  This hole is considered a normal variation within the 
glenohumeral joint and should not be mistaken for superior labral tears (Beltran, et al., 2003).  
The labrum functions to deepen the glenoid, increase congruency between the humerus and 
scapula, generate a suction effect, and enhances stability of the glenohumeral joint (Lugo, 
Kung, & Ma, 2008).  Furthermore, the glenoid labrum serves as an attachment site for 
multiple glenohumeral ligaments and the long head of the biceps tendon (Beltran, et al., 
2003).   
The biceps/labral complex has been described in three distinct ways.  A type 1 
complex involves a congruent junction between the two structures with no recess present 
between the labrum and glenoid.  A type 2 complex involves a junction with a noticeable 
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recess between the labrum and the glenoid, involving about 50% of the thickness of the 
labrum.  Finally, a type 3 complex involves a junction, which a recess is present between the 
labrum and glenoid and involves about 80% of the base of the labrum (Beltran, et al., 2003).  
Other research (Dierickx, Ceccarelli, Conti, Vanlommel, & Castagna, 2009) has determined 
that the biceps/labral complex has 12 distinct junctions.  The junctions were first divided into 
4 general families that include the mesotenon, adherent, split, and absent.  Within each of 
these families, multiple subgroups were formed.  The mesotenon family describes junctions 
that allow for very good movement between the biceps and the rotator cuff.  The adherent 
family describes junctions that have a stronger connection between the long head tendon and 
the capsule.  The split family represents long head tendons that split as they enter the 
glenohumeral capsule and finally, the absent family represents an absence of the long head 
tendon in the glenohumeral joint (Dierickx, et al., 2009).  Although much variation exists in 
the biceps/labral complex, the path of the biceps once it leaves the glenohumeral joint is 
different.   
The extracapsular anatomy of the long head of the biceps tendon is also very important in 
regard to pathological conditions.  After exiting the glenohumeral joint, the long head of the 
biceps passes between the tendon of the subscapularis and the tendon of the supraspinatus.  
This area has been referred to as the rotator interval (Barber, et al., 2008; Beltran, et al., 
2003; Bicos, 2008; Cooper, et al., 1992).  After passing between these tendons, the long head 
then proceeds to wrap around the lesser tuberosity, forming a pulley.  Once the long head 
wraps around the lesser tuberosity, it sits in the bicipital groove along the anterior aspect of 
the humeral head (Kwon, et al., 2009).  As the tendon leaves the bicipital groove, it blends 
into the muscle belly and lies directly over the shaft of the humerus.  As the long head sits in 
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the bicipital groove, it is secured in place via a variety of soft tissue structures.  The 
coracohumeral ligament, subscapularis tendon, superior glenohumeral ligament and 
transverse humeral ligament have all been found to have some role in stabilizing the long 
head tendon in the bicipital groove (Beltran, et al., 2003; Hsu, et al., 2008; Keener & Brophy, 
2009; Mileski & Snyder, 1998; Tuoheti, et al., 2005).  As the biceps tendon travels distally, it 
passes posterior to the coracohumeral ligament and beneath the transverse humeral ligament.  
While the biceps tendon passes through these structures, the superior glenohumeral ligament 
forms a sling around the tendon, providing stabilization.  Additionally, fibers from the 
subscapularis and supraspinatus tendons reinforce the biceps tendon as it sits in the bicipital 
groove (Barber, et al., 2008; Hsu, et al., 2008).  Pathological conditions of the biceps tendon, 
which will be discussed later, may involve any of the structures discussed above, including 
the tendon itself, its attachment to the glenoid labrum, and the structures that stabilize the 
tendon.  Therefore, understanding of the anatomy will help in recognizing and understanding 
specific pathological conditions.   
Biomechanics of the glenohumeral joint 
When compared to other joints in the body, the glenohumeral joint has extreme 
mobility, which is achieved at the expense of osseous stability.  The lack of congruency 
between the humeral head and the glenoid fossa requires that other structures aid in the 
stability of the joint.  These structures include muscles, tendons, and ligaments which all 
serve to help stabilize the glenohumeral joint during extreme ranges of motion (Constant, 
1989; Cowderoy, et al., 2009; Culham & Peat, 1993).   
Mobility of the glenohumeral joint is achieved through various mechanisms.  Because 
the glenohumeral joint is a ball and socket joint, range of motion occurs in three planes.  The 
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shallow depth of the fossa and the fact that only roughly 25-30% of the humeral head is in 
contact with the fossa at any given moment allows for this wide range of motion (Soslowsky, 
et al., 1992).  Any humeral elevation movement involves motion of both the humerus and of 
the scapula.  Movement at the glenohumeral, sternoclavicular, acromioclavicular, and the 
scapulothoracic articulation work simultaneously to achieve maximal range of motion.  
During the initial 30° of humeral abduction, movement occurs primarily at the glenohumeral 
joint (Peat, 1986).  After 30° of elevation in the frontal plane, the scapula begins to rotate 
about an axis extending from the sternoclavicular joint to the root of the spine of the scapula.  
This scapular rotation is a result of motion from both the clavicle and the scapula.  From this 
point until the end range of motion, the scapula and the humerus move together in 
coordination.  Although it is widely agreed upon that scapular movement needs to occur in 
order to achieve full glenohumeral range of motion (D. B. Lucas, 1973; Lugo, et al., 2008; 
Peat, 1986; Terry & Chopp, 2000), the elevation angle at which scapular movement is 
initiated differs in the research.  Previous research has also shown that the glenohumeral joint 
is able to achieve 120° of abduction without any contributions from the scapula (Terry & 
Chopp, 2000).  In general, research has shown there are 2° of glenohumeral movement for 
every 1° of scapulothoracic movement (Inman, Saunders, & Abbott, 1996; D. B. Lucas, 
1973; Lugo, et al., 2008).  The humerus and scapula work in a similar manner with flexion 
motions.  Not only is the relationship between the glenohumeral joint and the scapulothoracic 
joint important in achieving full range of motion, as rotation of the humerus is also important 
in achieving full range of motion (Culham & Peat, 1993; Itoi, et al., 1996; Peat, 1986).  
During elevation of the humerus, the acromion process of the scapula provides a bony block 
that limits range of motion.  If the humerus is kept in internal rotation during elevation, the 
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humeral head will abut the acromion to impinge the structures that lie in between.  After 
about 90° of abduction, the humerus needs to externally rotate in order to clear the acromion 
process of the scapula (D. B. Lucas, 1973; Lugo, et al., 2008).   
In order to help stabilize the glenohumeral joint during motion, multiple structures 
must work in concert, both statically and dynamically.  The structures that are involved in the 
stabilization of the glenohumeral joint include the glenohumeral musculature, glenohumeral 
ligaments, joint capsule, and the glenoid labrum/biceps tendon complex (Beltran, et al., 2003; 
Bicos, 2008; Culham & Peat, 1993; Eakin, et al., 1999; Peat, 1986; Soslowsky, et al., 1992).  
The glenohumeral musculature, most importantly the rotator cuff, has the prime 
responsibility of dynamic stabilization.  The glenohumeral musculature has been found to aid 
with dynamic stabilization through five possible mechanisms: passive muscle tension, 
muscle contraction that causes compression of the joint, muscle contraction that causes 
passive structures to become taut, a barrier effect of the contracted muscle, and a redirection 
of joint force as a result of muscle contraction (Itoi, et al., 1996).  The subscapularis, 
supraspinatus, infraspinatus, and teres minor comprise the rotator cuff and have been shown 
to blend into the joint capsule at their insertion onto the humeral head (Peat, 1986).  The 
rotator cuff muscles work together to help depress the head of the humerus in the glenoid 
fossa during abduction and rotational movements about the glenohumeral joint (Terry & 
Chopp, 2000).  Along with their actions as humeral head depressors during abduction and 
keeping the head of the humerus on the glenoid fossa during movement, the muscles of the 
glenohumeral joint also have an impact on the ligaments of the glenohumeral joint.  Muscle 
contraction creates tension in the ligaments of the glenohumeral joint, aiding in the overall 
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stability of the joint.  When the ligaments of the glenohumeral joint tighten, the potential for 
movement is decreased (Lugo, et al., 2008; Terry & Chopp, 2000).   
The ligaments connecting the glenoid to the humerus include the superior, middle, 
and inferior glenohumeral ligaments.  These ligaments are passive structures that also aid in 
the stabilization of the glenohumeral joint, as they reinforce the joint capsule anteriorly, 
inferiorly, and posteriorly (Beltran, et al., 2003; Terry & Chopp, 2000).  The superior 
glenohumeral ligament has been shown to assist the coracohumeral ligament with preventing 
inferior displacement of the humeral head, as well as limiting posterior translation during 
flexion and adduction (Terry & Chopp, 2000; Turkel, Panio, Marshall, & Girgis, 1981).  The 
middle glenohumeral ligament extends from the medial margin of the glenoid and extends to 
the anterior surface of the humeral neck.  Its main function is to limit anterior translation of 
the humeral head, especially during the lower ranges of abduction, roughly from 60° to 90° 
(Turkel, et al., 1981).  Lastly, the inferior glenohumeral ligament is the thickest glenohumeral 
ligament and has been described as having three distinct portions.  An anterior band, axillary 
pouch, and posterior band have all been identified and have been shown to contribute to 
preventing excessive humeral translation with the arm in abduction (O'Brien, et al., 1990; 
Turkel, et al., 1981).    
Finally, the biceps tendon/glenoid labral complex is an important contributor to stabilization 
of the glenohumeral joint.  The complex aids in stabilization as a result of its anatomical 
location relative to the glenohumeral joint.  As previously described, the biceps tendon 
originates from the superior glenoid tubercle, reinforcing the superior glenoid labrum and 
forming the biceps labral anchor.  The biceps tendon then passes laterally over the head of 
the humerus.  The biceps then travels down through the joint capsule though the rotator 
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interval, the space between the subscapularis and supraspinatus tendons.  As the biceps 
tendon travels within the joint capsule to the bicipital groove, its orientation changes from 
horizontal to vertical.  As the coracohumeral and superior glenohumeral ligaments surround 
the tendon, a pulley system is formed.  This pulley system is believed to be crucial in 
stabilizing the anterosuperior glenohumeral joint (Barber, et al., 2008; Cowderoy, et al., 
2009).  The biceps/labral complex has also been shown to improve joint stability by 
enhancing concavity compression and increasing the diameter of the glenoid (Keener & 
Brophy, 2009).  The complex anatomy of the glenohumeral joint is a cause of concern for 
athletes developing biceps tendon pathologies.   
Biceps related pathologies  
As the glenohumeral joint allows for movement in various planes of motion, the 
biceps tendon and glenoid labrum are subject to varying amounts of force.  Three injuries 
that may affect biceps tendon and glenoid labrum include biceps tendinosis, subacromial 
impingement, and labral tears.  All three of these injuries have their own specific causes and 
they can be related to the anatomy and biomechanics of the glenohumeral joint.   
Biceps tendinosis is a pathological condition that has been divided into two types, 
primary and secondary (Beltran, et al., 2003; Cowderoy, et al., 2009; Fu, Harner, & Klein, 
1991).  Primary biceps tendinosis involves the extra-articular portion of the biceps tendon, as 
the tendon leaves the glenohumeral joint.  This specific pathology can be described as an 
inflammatory condition of the biceps tendon as it sits in the bicipital groove.  One important 
characteristic of this condition is that there are no degenerative changes to any structures 
within the glenohumeral joint capsule (Beltran, et al., 2003; Cowderoy, et al., 2009; Fu, et al., 
1991; Hsu, et al., 2008).  Although this condition is commonly referred to as biceps tendinitis 
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and biceps tendinosis, the condition should more appropriately be called a tenosynovitis, as 
the inflammation occurs to the tendon sheath and not actually to the tendon itself.  There are 
a number of potential causes to primary tendinosis, with abnormalities of the bicipital groove 
playing an important role in causing the degeneration of the tendon.  Differences in the width 
or depth of the groove may affect the stress experienced by the biceps tendon, leading to 
tissue inflammation and eventually degeneration (Hsu, et al., 2008; Pfahler, Branner, & 
Refior, 1999).  Other possible causes of tendinosis include repetitive trauma and repetitive 
overhead activity.  Symptoms of primary biceps tendinosis can include pain, swelling, 
tenderness, erythema, and if irritation persists long enough, tissue damage can occur (Krupp, 
et al., 2009; Pfahler, et al., 1999).  Secondary biceps tendinosis is the condition when 
irritation to the tendon is accompanied by subacromial impingement and or rotator cuff 
disease, which is discussed next (Hsu, et al., 2008; Krupp, et al., 2009).   
Subacromial impingement involves a dynamic relationship between the subacromial 
space and the structures that pass through the space, which include the long head of the 
biceps tendon, supraspinatus tendon, and the subacromial bursa (Cowderoy, et al., 2009; Fu, 
et al., 1991; Neer, 1983).  Subacromial impingement involves a compression of these 
structures between the humeral head and the coracoacromial arch (Neer, 1983).  As the arm 
is moved into elevation, the space under the coracoacromial arch decreases (Graichen, et al., 
1999; Graichen, et al., 1998), leading to the compression of these structures.  Compression of 
these structures can lead to pain, discomfort, loss of motion at the glenohumeral joint, and 
eventually fraying of the rotator cuff tendons (Cowderoy, et al., 2009; Fu, et al., 1991; Neer, 
1983; Soslowsky, et al., 2002).   
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Subacromial impingement can be classified as either primary or secondary.  Primary 
impingement involves morphological changes that occur to the coracoacromial arch and or 
the acromioclavicular joint.  These changes can include bone spurs and changes to the 
morphology of the acromion of the scapula (Fu, et al., 1991; MacGillivray, Fealy, Potter, & 
O'Brien, 1998).  The different shapes of acromions have been classified as a type 1, type 2, 
and type 3 acromions.  A type 1 is flat in nature, a type 2 is curved, and a type 3 is hooked 
and provides the least amount of space beneath the subacromial arch for structures to occupy.  
Individuals with a type 3 acromion are most susceptible to developing primary impingement 
(Cowderoy, et al., 2009; Warner & McMahon, 1995).   
Secondary impingement is generally caused by instability of the glenohumeral joint 
or abnormal scapular kinematics (Cowderoy, et al., 2009; Fu, et al., 1991).  This type of 
impingement may be more common in overhead athletes, as the stabilizing structures are 
subject to recurrent stretching during overhead motion, and repetitive overhead movement 
performed with abnormal scapular kinematics results in repeated impingement of the 
subacromial structures.  Causes of instability may range from ligamentous laxity, muscular 
imbalance between the dynamic stabilizers of the humeral head, and abnormal scapular 
movement that narrows the subacromial space.  During overhead motion, if the humeral head 
is not controlled and stabilized on the glenoid fossa, it can shift superiorly, leading to the 
secondary impingement of the structures beneath the subacromial arch (Cowderoy, et al., 
2009; Neer, 1983).   
Glenoid labrum tears can also occur as a result of repetitive stress placed on the 
biceps tendon/labral complex (Andrews, et al., 1985).  Although there are several types of 
labral tears, the types that clinicians are most concerned with the biceps tendon/labral 
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complex is the superior labrum anterior to posterior tears, also known as SLAP tears.  SLAP 
tears or lesions were first described with their own set of classifications in 1990 (Snyder, et 
al., 1990).  SLAP lesions have been classified into 4 basic types.  A type 1 SLAP tear 
involves degenerative fraying of the superior labrum, with no disruption to the biceps/labral 
complex.  A type 2 lesion involves a detachment of the labrum from the surface of the 
glenoid, while the biceps anchor remains intact.  A type 3 lesion involves a bucket handle 
tear of the superior labrum, with an intact biceps anchor.  Finally, a type 4 lesion involves a 
bucket handle tear of the superior labrum with an extending tear into the biceps tendon, with 
some of the labrum displaced into the glenohumeral joint (Mileski & Snyder, 1998; Snyder, 
et al., 1990).  The most common type of SLAP lesion sustained by overhead athletes is a type 
2 (Keener & Brophy, 2009; Mileski & Snyder, 1998; Snyder, et al., 1990).  The mechanism 
for SLAP tears has generally been described as either traction forces or compressive forces 
that stress the biceps/labral complex (Mileski & Snyder, 1998; Snyder, Banas, & Karzel, 
1995; Snyder, et al., 1990).  While the SLAP tears due to compression forces have been 
linked to acute traumatic events, such as falls on the outstretched hand, direct blows, and 
inferior dislocation of the glenohumeral joint (Bey, et al., 1998), SLAP tears due to traction 
mechanisms are linked to repetitive overhead movement and thought to be one of the main 
causes of SLAP lesions in overhead athletes (Bey, et al., 1998; Mileski & Snyder, 1998).  
The traction to the biceps tendon can be caused by the biceps tendon eccentrically 
contracting following the release of a projectile or through a “peel back” mechanism during 
abduction and external rotation (Barber, et al., 2008; Bey, et al., 1998; Burkhart & Morgan, 
1998; Keener & Brophy, 2009; Kuhn, Lindholm, Huston, Soslowsky, & Blasier, 2003; 
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Pradhan, Itoi, Hatakeyama, Urayama, & Sato, 2001; Snyder, et al., 1995; Yeh, Lintner, & 
Luo, 2005).   
Several studies have examined the exact nature of these traction forces and how they 
contribute to the development of SLAP lesions in overhead athletes (Kuhn, et al., 2003; 
Pradhan, et al., 2001; Yeh, et al., 2005).  Kuhn et al.  (2003) conducted a study on cadaver 
glenohumeral joint examining the forces needs to produce a superior biceps/labral failure in 
two different joint positions: abduction and external rotation (late cocking) and arm 
deceleration.  Although the investigators were able to produce failure of the labrum in both 
scenarios, less force was required to cause failure in the abducted and externally rotation 
position when compared to arm deceleration.  Approximately 90% of the failures in the late 
cocking phase position occurred at the biceps/labral complex compared to only 20% during 
the arm deceleration position.  The investigators concluded that abduction and maximal 
external rotation places the biceps tendon under extreme amounts of torsional stress and is a 
more likely cause of SLAP injuries in the throwing athlete (Kuhn, et al., 2003).   
Research by Pradhan et al. (2001) found similar results regarding the position of traction that 
is most likely to cause SLAP tears in overhead athletes.  In a cadaveric study, significantly 
greater strain was placed on the superior labrum during the late cocking phase, as compared 
to other phases of the overhead throw.  The researchers suggested that the force was greater 
on the superior/posterior labrum due to the fact that superior/posterior labrum is an extension 
of the biceps tendon.  As tension is applied to the tendon during external rotation, the forces 
are transmitted directly to the superior/posterior labrum.  While forces are applied directly to 
the superior and posterior labrum during abduction and external rotation, glenohumeral 
ligaments have also been theorized to help absorb some of the forces as they are distributed 
  
28
across the biceps tendon during abduction and external rotation movements (Pradhan, et al., 
2001), since the ligaments attach to the anterior portion of the labrum. (Culham & Peat, 
1993; Keener & Brophy, 2009; Lugo, et al., 2008) These two studies provide evidence that 
supports the “peel back” mechanism of SLAP tear proposed by Burkhart et al as one of the 
predominant injury mechanism in overhead athletes (Burkhart & Morgan, 1998).  
Controversy over surgical procedures 
As the role of the biceps tendon at the glenohumeral joint remains unclear, certain 
surgical techniques are being utilized in order to help correct biceps/labral complex 
pathologies and any associated symptoms.  Two surgical techniques in particular, biceps 
tenodesis and biceps tenotomy are two of the most controversial techniques that are currently 
utilized (Barber, et al., 2008; Drakos, et al., 2008; Franceschi, et al., 2007; Frost, et al., 2009; 
Kelly, et al., 2005; Wolf, et al., 2005).  There are certain differences between these two 
surgical procedures, but each technique involves detachment of the intra-articular portion of 
the long head of the biceps tendon from its proximal insertion. 
Biceps tenodesis involves releasing the superior long head of the biceps tendon from 
its attachment at the glenoid, and relocating it via a bony fixation to the proximal humeral 
head, bicipital groove, or rotator interval (Drakos, et al., 2008).  By completing this 
procedure, the biceps tendon no longer crosses the glenohumeral joint and its connection 
with the glenoid labrum no longer exists.  After this procedure, the biceps tendon is no longer 
a bi-articulate muscle, and all proposed function at the glenohumeral joint is no longer 
applicable (Drakos, et al., 2008; Frost, et al., 2009; Kelly, et al., 2005).   
Biceps tenotomy is a similar procedure that involves detaching the biceps tendon 
from the superior glenoid labrum as well.  However, instead of re-attaching the tendon to the 
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humerus, the tendon is left free standing within the arm.  Advantages to this procedure have 
been said to include quicker recovery from rehabilitation and no post-op functional 
restrictions of the arm when compared to the tenodesis procedure (Gill, McIrvin, Mair, & 
Hawkins, 2001; Kelly, et al., 2005).  The main disadvantage of the procedure involves a 
cosmetic risk which is called a Pop-Eye deformity, caused by the retraction of the released 
tendon which has occurred up to 70% of the time (Barber, et al., 2008).  The biceps tenotomy 
procedure has been recommended for individuals who would not mind this possible cosmetic 
complication. 
Although there are those who believe the tenotomy procedure is just as appropriate as 
the tenodesis procedure, some believe that the biceps tenodesis procedure is the more 
appropriate option.  Preventing muscle atrophy, maintaining a proper length tension 
relationship, maintaining flexion and supination strength, and finally avoiding any cosmetic 
related issues have all been mentioned as advantages to the tenodesis procedure(Franceschi, 
et al., 2007; Friedman, et al., 2008).   
Although there are differences between the procedures, studies that have shown the 
two procedures to be equally effective in improving pain, range of motion, and strength 
(Franceschi, et al., 2007; Frost, et al., 2009).  Reported failure rates for tenodesis and 
tenotomy varies from 5% to 48% and 13% to 35%, respectively (Frost, et al., 2009).  These 
numbers suggest that both surgical techniques are subject to failure.  However, both 
procedures have been shown to be very successful as well, with little decrease in 
performance outcomes of strength and range of motion (Frost, et al., 2009). 
Since both of these surgical techniques involve detachment of the biceps brachii tendon from 
its proximal attachment, both techniques will results in elimination of any contribution of the 
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biceps at the glenohumeral joint.  Releasing the biceps tendon and relocating it to the 
proximal humerus may eliminate its stabilizing role as well as its possible flexor and 
abductor role at the glenohumeral joint.  Therefore, releasing the biceps tendon may lead to 
glenohumeral instability and alteration of the muscle activation patterns.  Without knowing 
the exact function of the biceps brachii at the glenohumeral joint, determining the 
appropriateness of the surgical intervention is difficult.  Understanding the function of the 
biceps tendon at the glenohumeral joint is not only important in determining the 
appropriateness of surgical techniques, but it also may be important in determining rehab 
protocols for injuries involving the biceps tendon. 
Previous studies on the role of the biceps tendon  
While the biceps tendon has been determined to be a common source of pain in the 
shoulder, its exact function at the glenohumeral joint has yet to be agreed upon.  Numerous 
studies have attempted to determine the role of the biceps tendon at the glenohumeral joint 
(Andrews, et al., 1985; Furlani, 1976; Glousman, et al., 1988; Halder, et al., 2001; Itoi, et al., 
1993; Kido, et al., 2000; Kumar, et al., 1989; Landin, et al., 2008; Levy, et al., 2001; Neer, 
1983; Rodosky, et al., 1994; Sakurai, et al., 1998; Van Woensel & Arwert, 1993; Yamaguchi, 
et al., 1997).  These studies have generally can be grouped into one of three categories: (1) 
studies that suggest the biceps tendon to serve a role in stabilization at the glenohumeral 
joint, specifically functioning to stabilize the humeral head (Itoi, et al., 1993; Kumar, et al., 
1989; Rodosky, et al., 1994; Warner & McMahon, 1995), (2) studies that suggest the biceps 
to have an active role at the glenohumeral joint (Rajendran & Kwek, 1991; Sakurai, et al., 
1998), and (3) studies that suggest that the biceps does not serve an important role at the 
glenohumeral joint (Furlani, 1976; Landin, et al., 2008; Levy, et al., 2001; Yamaguchi, et al., 
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1997).  Although all of these studies are confident with their outcomes, there remains 
controversy and limitations to the studies that prevent definitive conclusions about the role of 
the biceps to be made.   
The stabilizing function of the biceps tendon at the glenohumeral joint has been one 
of the most heavily researched areas with regard to the biceps tendon (Itoi, et al., 1993; Kido, 
et al., 2000; Kumar, et al., 1989; Rodosky, et al., 1994; Warner & McMahon, 1995).  All 
these research studies have found the biceps tendon to serve an important role in stabilization 
in two distinct positions of the glenohumeral joint.  The biceps tendon has been shown to 
help limit anterior translation of the humeral head when the glenohumeral joint was placed in 
the position of abduction and external rotation (Itoi, et al., 1993; Rodosky, et al., 1994).  The 
position of abduction and external rotation is a common position assumed by the overhead 
athletes that is achieved at the late cocking phase in overhead throwing movement (Andrews, 
et al., 1985).  In this position, the biceps tendon has been suggested to help prevent anterior 
translation through development of torsional rigidity (Rodosky, et al., 1994).  As the arm is 
taken into abduction and external rotation, the tension of the biceps tendon is increased, 
resulting in an increase in the shoulder torsional stiffness.  With increases in tension of the 
biceps tendon, the force needed to externally rotate the shoulder increased by 32% (Rodosky, 
et al., 1994).  The investigators discussed that this increase in force needed to externally 
rotate the shoulder is an indicator that the anterior stability has been provided through tensing 
of the long head of the biceps.   
Similar findings have been reported by Itoi et al. (1993).  In addition to suggesting the 
biceps helps limit anterior translation, the effect of stabilization was examined at different 
arm positions (Itoi, et al., 1993).  The findings indicated that the biceps tendon helps stabilize 
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the glenohumeral joint via two different mechanisms, depending on the external rotation 
position of the arm.  When the arm is in 90° of abduction and less than 60° of external 
rotation, the long head of the biceps tendon sits superior to the humeral head, creating a 
barrier effect of the tendon that helps with stabilization of the glenohumeral joint.  The 
barrier effect is a physical barrier created by the location of the biceps tendon as it sits 
superior to the humeral head, preventing excessive superior translation during abduction and 
less than 60° of external rotation.  As the arm passes 60° of external rotation, the authors 
suggest that the relative position of the long head tendon changes and moves more anterior in 
relation to the humeral head.  In this position of 90° of abduction and greater than 60° of 
external rotation, the stabilizing function of the biceps tendon is produced by compression of 
the humeral head into the glenoid as tension is applied to the biceps tendon (Itoi, et al., 
1993).   
The findings of these two studies indicate that the long head of the biceps tendon 
serves to stabilize the glenohumeral joint in the position of abduction and external rotation.  
However, limitations exist in both of these studies.  Both studies involved cadaveric 
shoulders, whose age was significantly greater than that of the college aged overhead athlete.  
Therefore, the tensile attributes of the ligaments involved were different than the attributes of 
ligaments of younger, healthy individuals (Butler, 1990).  Ligament strength has been shown 
to decrease with age, possibly contributing to increased ligament strain in the cadaveric 
shoulders (Noyes & Grood, 1976).  Also, since shoulder specimens of cadavers were used in 
the studies, active contributions for surrounding muscles could not be determined.  Rodosky 
et al. (1994) attempted to simulate the forces with pneumatic devices, however, the findings 
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of the studies are not necessarily an accurate representation of the effect of the biceps tendon 
in young, active individuals. 
In addition to cadaveric studies examining the role of the biceps tendon in limiting 
anterior translation of the humeral head, research examining the role of the biceps tendon in 
limiting superior migration of the humeral head has been conducted on cadaveric shoulders 
(Kumar, et al., 1989).  Through forced contraction of the short head of the biceps with an 
absence of the long head, superior migration of the humeral head was found in cadaveric 
shoulders.  From these findings, the authors concluded that the long head of the biceps serves 
a role in preventing superior humeral head translation during active contraction of the biceps.   
Stabilization of the humeral head has also been investigated in a few in vivo studies 
(Kido, et al., 2000; Kumar, et al., 1989; Warner & McMahon, 1995).  All of these studies 
present evidence that agrees with the notion that humeral head translation is affected by the 
long head of the biceps tendon.  However, there were differences between the findings.   
Kido et al. (2000) examined the role of biceps tendon in preventing humeral head 
translation in healthy shoulders and shoulders with rotator cuff tears.  The researchers 
examined participants with the shoulder flexed at 0°, 45°, and 90° with the elbow flexed at 
90°.  Participants were then placed in a brace that only allowed for biceps brachii contraction 
against resistance.  Anteroposterior radiographs were taken pre and post biceps contraction 
looking for changes in humeral head position.  The study demonstrated that the biceps tendon 
was effective in limiting superior translation of the humeral head in individuals with rotator 
cuff tears.  However, the exact extent of the tears was not determined, leaving the researchers 
unable to relate the size of tears with the depressor function of the long head of the biceps 
(Kido, et al., 2000). 
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In another in vivo study, researchers were able to demonstrate through radiographs 
that the long head of the biceps tendon limited superior humeral head translation with 
abduction in the scapular plane in healthy subjects (Warner & McMahon, 1995).  However, 
superior humeral head translation with abduction increased in subjects with isolated loss of 
the biceps tendon, which lead the researchers to suggest that individuals without the intra-
articular portion of the biceps tendon may be more likely to develop impingement syndrome, 
especially those individuals with a type 2 or type 3 acromion (Warner & McMahon, 1995).   
Although a stabilizing function has been demonstrated through previous research, 
debate continues on the exact role of the long head of the biceps at the glenohumeral joint 
(Barber, et al., 2008; Furlani, 1976; Glousman, et al., 1988; Halder, et al., 2001; Landin, et 
al., 2008; Levy, et al., 2001; Rajendran & Kwek, 1991; Sakurai, et al., 1998; Yamaguchi, et 
al., 1997).  Numerous studies provide evidence that the long head of the biceps is not active 
during glenohumeral motion, as measured by electromyography (Levy, et al., 2001; 
Yamaguchi, et al., 1997), while other studies suggest that the biceps is active during 
movement of the glenohumeral joint (Rajendran & Kwek, 1991; Sakurai, et al., 1998).   
Biceps tendon activity has been found to not be significant during glenohumeral joint 
movement including flexion, abduction, and internal/external rotation (Furlani, 1976; Landin, 
et al., 2008; Levy, et al., 2001; Yamaguchi, et al., 1997).  Several studies have evaluated 
biceps activation patterns during glenohumeral movement with the elbow locked in 
extension, and have provided varying results.  Levy et al. (2001) reported minimal activation 
of the biceps during the shoulder movements performed with the elbow locked in full 
extension, suggesting biceps activity is dependent on whether or not elbow motion is present, 
although the researchers did not examine conditions other than the elbow locked in full 
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extension.  Furlani (1976) also found similar results, through investigation of the biceps 
activation pattern during varying glenohumeral motions with varying elbow flexion 
positions.  The biceps showed minimal activity with abduction with the elbow in a flexed 
position.  Yamaguchi et al. (1997) also produced comparable results.  With subjects tested in 
varying positions of elbow flexion and extension, during varying glenohumeral motions, 
biceps activity was found to be minimal in all occasions.  Finally, Landin et al. (2008) 
concluded that the biceps brachii only aids with elevation of the glenohumeral joint during 
the first 30° of elevation yet the contribution of the biceps is insignificant after 30°.  The 
study also found that the activation of biceps was reduced with greater elbow flexion.  
However, no external load was applied to the arm for the varying degrees of elbow motion 
tested.  With the elbow locked in a flexed position, the goal is to try and relax the biceps 
muscle and eliminate all function at the elbow.  If complete relaxation of the biceps was not 
achieved, any contributions to elbow motion could have resulted in producing activity at the 
glenohumeral joint as well (Landin, et al., 2008).   
In contrast to these studies that suggest the biceps has no role in glenohumeral 
motion, several studies have found the biceps to be involved with movement at the 
glenohumeral joint (Glousman, et al., 1988; Gowan, Jobe, Tibone, Perry, & Moynes, 1987; 
Halder, et al., 2001; McCann, Wootten, Kadaba, & Bigliani, 1993; Rajendran & Kwek, 1991; 
Sakurai, et al., 1998).  In an examination of muscle activation during common rehabilitation 
exercises, the biceps brachii was found to be significantly more active with the elbow in 
extension compared to elbow flexion during an elevation task in the scapular plane (McCann, 
et al., 1993).  The biceps tendon was also found to be an active contributor to glenohumeral 
flexion and abduction (Rajendran & Kwek, 1991; Sakurai, et al., 1998).  During all motions 
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of the glenohumeral joint, the biceps brachii was found to be significantly active, thus 
leading the researchers to deem the biceps an active flexor and abductor of the glenohumeral 
joint (Sakurai, et al., 1998).  This study also found the biceps to be active during all testing 
positions involving external rotation, indicating that the biceps may serve as a humeral head 
compressor in this position (Sakurai, et al., 1998), agreeing with the findings of Rodosky et 
al. (1994) and Itoi et al. (1993).   Glousman et al. (1988) and Gowan et al. (1987) also found 
the biceps brachii to be active and serve to position the elbow and shoulder during the early 
and later stages of the cocking phase of the throwing motion (Glousman, et al., 1988; Gowan, 
et al., 1987).   
While numerous studies have been conducted on the role of the biceps tendon at the 
glenohumeral joint, definitive answers remain unclear.  The role of the biceps in stability at 
the glenohumeral joint has been examined repeatedly, with results suggesting that the biceps 
aids in stability of the glenohumeral joint through a barrier effect or though compression of 
the humeral head.  However, the debate on whether or not the biceps is an active contributor 
to glenohumeral motion is evident.  The main limitations to the studies that have examined 
this issue are two fold.  First, numerous studies have been conducted on cadaveric shoulders.  
This presents a problem with attempting to make generalizations about the role of the biceps 
in vivo.  Cadaveric glenohumeral joints are different from those in young, healthy individuals 
in many ways.  The tensile properties of the tissues are different than those of in vivo 
glenohumeral joint and the model lacks the contributions from surrounding musculature.  
These two issues are limitations that need to be taken into consideration when talking about 
the role of the biceps in young, active individuals, especially overhead athletes.  Another 
limitation of the studies is that many of the studies examine the role of biceps under no 
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external loads.  This may influence the ability to generalize the results to the role of biceps 
during sports activities or activities of daily living, since studies have demonstrated that the 
activation of biceps was different when the movement was performed with and without 
resistance applied (Sakurai, et al., 1998; Yamaguchi, et al., 1997).  It has been suggested that 
if no resistance is applied to the extremity during movement, the tension in the biceps muscle 
will be altered, affecting force production of the muscle (Sakurai, et al., 1998).  Rarely in 
sports related activities is the upper extremity moving against no resistance.  In order to make 
the best determination of what role the biceps plays at the glenohumeral joint, research needs 
to be conducted that applies principles of sport related activity.     
Assessment of biceps activity at the glenohumeral joint 
Muscle activation pattern 
Muscle activation pattern of the muscles have been used to assess how active the 
muscles are during limb movements (DeLuca, 1997; Dundon, Cirillo, & Semmler, 2008; 
Farina, Merletti, & Enoka, 2004; Halder, et al., 2001; Rudroff, Staudenmann, & Enoka, 
2008; Yamaguchi, et al., 1997).  Electrical activity is general accepted as a measure of 
muscular activity (DeLuca, 1997; Farina, et al., 2004), as it represents the cumulative 
electrical contributions of motor units during a muscular contraction (Farina, et al., 2004).  
Electromyography has been used to determine the level of activation of a muscle and to 
determine fatigue of shoulder musculature during tasks including flexion, abduction, internal 
rotation, external rotation, while also being used to study muscle activation during various 
rehabilitation techniques (Dundon, et al., 2008; Hunter, Lepers, MacGillis, & Enoka, 2003; 
Minning, Eliot, Uhl, & Malone, 2007; Reinold, et al., 2007; Rudroff, et al., 2008; Sakurai, et 
al., 1998; Semmler, Tucker, Allen, & Proske, 2007; Yamaguchi, et al., 1997).    
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Fatigue 
A muscular fatigue protocol will be used in this study as a way of decreasing the 
active contributions of the biceps brachii during various glenohumeral motions.  Muscular 
fatigue has been defined as the inability to maintain force output, resulting in a decrease in 
performance (Sterner, Pincivero, & Lephart, 1998).  Muscle fatigue has also been defined as 
the inability to maintain the required force level or as a reduction in the force-generating 
capacity of the neuromuscular system (Edman & Mattiazzi, 1981; Milner-Brown & Miller, 
1986). There has been much debate as to the exact mechanism behind muscle fatigue (Fitts, 
1994).  Major potential causes of fatigue have been previously identified as excitatory input 
to higher motor neurons, excitatory drive to lower motor neurons, neuromuscular 
transmission, sarcolemma excitability, excitation-contraction coupling, contractile 
mechanism, and metabolic energy supply and metabolite accumulation (Fitts, 1994).  
Metabolic changes to the muscle fibers during exercise have been theorized to play an 
important role in muscle fatigue (Sahlin, Tonkonogi, & Soderlund, 1998).  These exercise 
related changes within the muscles fibers include the accumulation of inorganic phosphate, 
accumulation of H+ ions, accumulation of Mg+2 ions, inhibition of Ca+2 release, decline of 
glycogen stores, decreased conduction velocity of action potentials, and an increase of K+ 
ions in the muscle fibers (Ament & Verkerke, 2009).  Both the accumulation of inorganic 
phosphate and H+ ions have been shown to inhibit cross bridge interactions (Ament & 
Verkerke, 2009).  The accumulations of Mg+2 ions and inhibition of Ca+2 ions are associated 
with the sarcoplasm and sarcoplasmic reticulum respectively, having a negative effect on 
cross bridge interactions.  Finally, an increase in K+ ions may lead to decreased force 
production by affecting the excitation-contraction coupling (Ament & Verkerke, 2009).  
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Determining the exact mechanism that leads to muscle fatigue has proved to be extremely 
difficult, and all of the previously mentioned mechanisms have all been proposed through 
previous research (Ament & Verkerke, 2009; Fitts, 1994; Sahlin, et al., 1998)    
Since the biceps brachii has been demonstrated to assist with glenohumeral flexion, 
abduction, and stabilization of the humeral head, the purpose of fatiguing the biceps brachii 
is to help diminish the muscle as an active contributor to glenohumeral movement.  One way 
to assess the contribution of a muscle at the glenohumeral joint is to assess the changes in 
activation levels of the synergistic muscles after fatiguing the muscle of interest in isolation.  
It can be theorized that when the biceps brachii is fatigued, the electrical activity of synergist 
muscles will increase to try and compensate for the fatigued biceps. Determining if the 
activation of the muscles change, will help indicate if the biceps does contribute to 
glenohumeral motion.   
 In most of the previous studies involving muscle fatigue it has been determined that the 
individual was fatigued when they could no longer produce 50% of their maximum effort 
(Lee, Liau, Cheng, Tan, & Shih, 2003; J. B. Myers, et al., 1999; Voight, et al., 1996).  The 
same guideline will be used to determine muscle fatigue.  Muscle strength and muscle 
activation pattern during dynamic limb movements assessed within 5 minutes after fatigue 
has been achieved will be compared to the values before fatigue (Lee, et al., 2003; J. B. 
Myers, et al., 1999; Voight, et al., 1996).   
Summary  
The role of the biceps tendon at the glenohumeral joint remains unclear.  While numerous 
studies have agreed that the biceps serves to stabilize the humeral head during abduction and 
external rotation (Itoi, et al., 1993; Kido, et al., 2000; Kumar, et al., 1989; Rodosky, et al., 
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1994; Warner & McMahon, 1995) other studies have reported conflicting findings on the 
active role of the biceps at the glenohumeral joint (Furlani, 1976; Landin, et al., 2008; Levy, 
et al., 2001; Rajendran & Kwek, 1991; Sakurai, et al., 1998; Yamaguchi, et al., 1997).  While 
debate on the role of the biceps at the glenohumeral joint continues, it is clear that the biceps 
is a common contributor to shoulder pain in overhead athletes (Andrews, et al., 1985; Bey, et 
al., 1998; Bicos, 2008; Cowderoy, et al., 2009; Eakin, et al., 1999; Keener & Brophy, 2009; 
Neer, 1983; Rajendran & Kwek, 1991; Sakurai, et al., 1998; Yamaguchi, et al., 1997).  In 
order to correct biceps tendon pathologies, certain surgical procedures are employed on a 
frequent basis (Barber, et al., 2008; Drakos, et al., 2008; Franceschi, et al., 2007; Frost, et al., 
2009; Kelly, et al., 2005; Wolf, et al., 2005).  While the surgical options of biceps tenotomy 
and biceps tenodesis remain controversial as to the appropriateness of each procedure,  more 
research is needed to determine wheather these procedures affect the role of the biceps at the 
glenohumeral joint.  Without completely understanding the role of the biceps, it is unknown 
whether these surgical procedures are hindering or removing important contributions of the 
biceps tendon at the shoulder.  Implementing a biceps brachii fatigue protocol will aid in 
determing the active contributions of the biceps at the glenohumeral joint.  By elimating the 
biceps as an active contributor to glenohumeral motion and assessing muscle activity, 
determination of its active role at the glenohumeral joint can be made. 
 CHAPTER III 
METHODOLOGY 
Participants 
Thirty healthy individuals were recruited from a university population at The 
University of North Carolina at Chapel Hill.  Participants included both males and females 
between the ages of 18-30 who participated in at least 30 minutes of physical activity for at 
least 3 days a week over the past 6 months.  
Inclusion Criteria 
• 18-30 years of age 
• Physically active individuals 
o Participate in physical activity for at least 30 minutes for a minimum of 3 
times per week  
Exclusion Criteria 
• History of biceps/labrum pathology 
 
• Shoulder pain within the past 6 months 
• Previous shoulder surgery    
• History of rhabdomyolysis, muscle disorders, or kidney disorders  
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Instrumentation 
Hand held dynamometer 
A hand-held dynamometer (HHD) (Lafayette Instrument, Lafayette, IN) was used to 
assess isometric shoulder strength (range 0-300 lbs. for high setting and 0-50 lbs. for low 
setting). HHDs have previously been shown to be both a reliable and valid assessment tool 
for measuring isometric shoulder strength, given that the researcher’s strength is greater than 
that of the subject (Bohannon, 1988; Stratford & Balsor, 1994). 
Electromagnetic tracking device 
The Motion Star electromagnetic tracking device (Ascension Technologies, Burl-
ington, VT) with the Motion Monitor software (Innovative Sports Training, Inc., Chicago IL) 
were used to assess humerothoracic kinematic data.  The device consists of a short-range 
direct current transmitter and electromagnetic receivers that were used to collect the 
kinematic data.  The direct current transmitter creates an electromagnetic field and the 
receivers detect the field created by the transmitter.  The electromagnetic tracking device 
recorded the position of the receivers with respect to the x, y, and z axes.  Digitizing 
anatomical landmarks allows construction of the local coordinate system to be used to 
calculate position and orientation of the body segments.  An electromagnetic tracking device 
has been shown to be both a reliable and valid instrument for measuring kinematics 
(Karduna, McClure, Michener, & Sennett, 2001; J. B. Myers, Jolly, J., Nagai, T., Lephart, S, 
M. , 2006; J. B. Myers, et al., 2007).  All kinematic data were sampled at a frequency of 100 
Hz.   
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Electromyography 
An electromyography system was used to measure electromyographic activity (EMG) 
of the muscles involved in the study (Delsys Inc., Boston, MA.).  Five preamplified/active 
surface EMG electrodes were used in the study (interelectrode distance = 10 mm; 
amplification factor = 10,000 (20–450 Hz); CMMR at 60 Hz > 80 dB; input impedance > 
1015 X/0.2 pF).  All EMG data were sampled at a frequency of 1000 Hz.  EMG has been 
shown to be reliable for assessing muscular electrical activity of upper extremity musculature 
(Reinold, et al., 2007).   
Biodex 
A Biodex isokinetic dynamometer was utilized in this study for the implementation of 
a biceps brachii fatigue protocol (Biodex Pro 3, Biodex Medical Systems Inc., Shirley, NY).   
Concentric speed for the dynamometer ranges from 1-500 degrees per second, with a speed 
accuracy rating of ± 1 degree per second.  Concentric torque for the Pro 3 ranges from 0.5 ft-
lbs to 500 ft-lbs, with a torque accuracy rating of ± 1%.      
Research Design 
A pre-test post-test randomized control design was utilized for this study.   
Procedures 
Prior to pre-test data collection, participants were introduced to the various pieces of 
equipment and informed of the details of the study.  Participants then signed an informed 
consent approved by the university’s institutional review board.  Following the consent, 
demographic information was collected including sex, age, height, mass, and limb 
dominance, which was determined as the arm used to throw a ball for maximum distance. All 
testing was conducted on the subject’s dominant arm.   
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Determination of the maximal strength 
 Prior to data collection, participants’ maximal humeral elevation strength in both the 
sagittal and scapular planes and elbow flexion strength was assessed using a handheld 
dynamometer.  This information was used to determine the amount of weight to be held 
during the humeral elevation tasks and the elbow isometric contraction task. For the 
assessment of the humeral elevation strength, the participants held the arm elevated to 
shoulder height in the scapular plane (30° in front of the body) and sagittal plane, while the 
investigator applied a downward force on the wrist using a handheld dynamometer. For the 
elbow flexion strength, participants stood with the elbow flexed to 90°, while the investigator 
applied a downward force on the wrist using a handheld dynamometer. These procedures 
were repeated three times each, and the average peak force output from the dynamometer 
was determined as the subject’s maximal strength. During the elevation tasks, participants 
held 10% of their maximal elevation strength. During the elbow flexion task, participants 
held 25% of their maximal elbow flexion strength. 
Preparation for the Assessment of Muscle Activity 
Following the strength assessment, participants removed their shirts and were 
prepared for the application of the EMG electrodes.  Females wore either tank tops or sports 
bras during the study to make electrode placement more accurate.  Muscle activity was 
assessed for the following muscles: biceps brachii, anterior deltoid, middle deltoid, posterior 
deltoid, and infraspinatus.  The exact locations for the electrode placement for each muscle 
are described below (Cram, Kasman, & Holtz, 1997): 
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Biceps brachii: Midpoint of muscle belly running parallel to muscle fibers 
 Anterior deltoid: Anterior aspect of arm, 4 cm below clavicle running parallel to 
muscle fibers  
 Middle deltoid: Lateral aspect of arm, 3 cm inferior to acromion running parallel to 
muscle fibers 
 Posterior deltoid: 2 cm below lateral border of spine of scapula at oblique angle 
towards the arm 
 Infraspinatus: 4 cm below spine of scapula, lateral aspect over infrascapular fossa 
The locations of the electrode placement was determined through palpation and the 
location was marked on skin using a marker (Figures 1-3).  The skin was abraded and 
cleaned using a 70% isopropyl alcohol solution to reduce electrical impedance.  Once the 
EMG set up was complete, the participants proceeded to complete a 5-minute warm up on an 
Airdyne bike.    
Assessment of the Muscle Activity during the Maximal Voluntary Isometric Contraction 
Following the warm up, maximum voluntary isometric contraction (MVIC) testing 
was completed in order to normalize the EMG data.  MVIC testing consisted of 3 5-second 
trials, with the data from the middle 3 seconds used to calculate the MVIC.  MVIC was 
conducted on the following muscles: 
Biceps brachii: Participant positioned in a seat with elbow flexed to 90°.  Force 
applied downward just proximal to wrist, while the shoulder was stabilized.     
Anterior deltoid: Participant positioned in a seat with arm abducted to 90° with 
forearm supinated.  Force applied above the elbow in the posterior and inferior direction.   
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Middle deltoid: Participant positioned in a seat with arm abducted to 90°, elbow 
flexed to 90 degrees, and with forearm pronated.  Force applied above the elbow in the 
downward direction. 
Posterior deltoid: Participant positioned in a seat with arm abducted to 90°, elbow 
flexed to 90°, and with forearm pronated.  Force applied above the elbow in the anterior and 
inferior direction.   
Infraspinatus: Participant positioned prone with arm abducted to 90°, externally 
rotated to 90 degrees, and with forearm pronated.  Force applied above the wrist in the 
downward direction, while the scapula was stabilized. 
Preparation for the measurement of the humerothoracic kinematics 
Following the assessment of the muscle activity during MVIC, electromagnetic 
receivers were attached to the participants in order to collect humerothoracic kinematic data.  
Four electromagnetic receivers were used for data collection.  For each participant, a receiver 
was placed on the sternal notch, over the flat portion of the acromion, the mid-shaft of the 
humerus, and the ulnar aspect of the wrist.  All of the receivers were secured with double 
sided tape, pre-wrap, and white athletic tape to limit movement of the receiver on the skin.  
The 5th receiver was attached to a stylus and used to digitize landmarks on the participants.  
Landmarks that were used for digitization included the 8th thoracic vertebra, 7th cervical 
vertebra, jugular notch, xiphoid process, sternoclavicular joint, acromioclavicular joint, 
medial epicondyle, lateral epicondyle, ulnar styloid process, radial styloid process, medial 
scapular border, and inferior angle of the scapula.  The digitization of thoracic, humeral, and 
scapular landmarks allowed for transformation of the receiver data from a global coordinate 
system to anatomically based local coordinate systems (Karduna, et al., 2001; Laudner, 
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Myers, Pasquale, Bradley, & Lephart, 2006; J. B. Myers, Laudner, Pasquale, Bradley, & 
Lephart, 2005; J. B. Myers, et al., 2007).  The set up of the electromagnetic tracking device 
concludes the preparation for the data collection. 
Assessment of the median power frequency of the biceps brachii during an isometric elbow 
flexion task 
Prior to the assessment of the muscle activation during the humeral elevation tasks, 
muscle activity of the biceps brachii muscle during an isometric elbow flexion task was 
collected for the calculation of the median power frequency.  The participant was positioned 
seated with the arm flexed to 90° holding 25% of his or her maximal elbow flexion strength.  
The muscle activity data was collected while the participant held this position for 10 seconds.           
Assessment of the Muscle Activity during the Humeral Elevation Tasks 
The muscle activities were collected while the participants performed humeral 
elevation tasks in the sagittal plane, scapular plane, and performed internal/external rotation 
at 90° of shoulder abduction. The order of tasks was counterbalanced. Participants stood in 
anatomical position facing the direction of the positive x-axis.  During the humeral elevation 
task in the scapular plane (30° anterior to the frontal plane) and sagittal plane, the plane of 
the movement was guided by tape marked on the floor.  During the internal/external rotation 
task, participants’ arms were positioned at 90° of shoulder abduction, with the elbow fixed in 
90° of flexion by a custom made fiberglass brace.  The investigator used a guide to help keep 
the participant’s shoulder in 90° of abduction during the duration of the trial.  Participants 
were given the opportunity to practice the task until they felt comfortable.  Elevation and 
descent of the participants arm during the elevation tasks was performed on a 2 second up, 2 
second down time period, as controlled by a metronome set at 60 beats per minute.  Once the 
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investigator was ready to collect data, the participant was instructed to begin when they were 
ready.  The elevation task in the sagittal and scapular planes were completed while the 
participants held weights that were 10% of the maximal elevation strength.  Ten repetitions 
were completed for each movement task.  
Fatigue Protocol 
Following the completion of the humeral elevation tasks, fatigue group participants 
completed a biceps brachii fatigue protocol on the Biodex dynamometer.  The EMG 
electrodes and electromagnetic receivers remained attached to the participant during the 
fatigue protocol. Participants were positioned supine in the Biodex with their arm and elbow 
positioned for the biceps brachii elbow flexion fatigue protocol (figure 4).  The arm was 
positioned at rest next to the participant, resting on the seat.  The forearm was supinated and 
strapped to the flexion attachment.  Participants were strapped across their lap, chest, and 
humerus to help limit any movement of the body.   
Once the participant was positioned correctly, the participants performed 3 maximal 
concentric contractions at a speed of 180°/second to determine the maximal torque output. 
The peak torque value from the three repetitions was used as the value for maximal torque 
output.  Fatigue was defined as when torque output drops below 50% of the maximal torque 
output for 3 consecutive contractions (Voight, et al., 1996).  
After 1-minute rest, participants performed concentric elbow flexion against the 
dynamometer moving at 180°/second until they reached fatigue. During the fatigue protocol, 
the investigator had real time feedback of torque output to determine when the participant 
reached fatigue.  Once fatigue was achieved, the cycle of determination of the maximum 
torque output and the fatigue protocol was repeated twice more. During the second and the 
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third cycles, the fatigue protocol was repeated until the subject reached fatigue based on the 
maximal torque determined immediately prior to the respective fatigue protocol.  
Based on pilot testing, the fatigue protocol lasted approximately 10 minutes. 
Therefore, the control group rode a stationary bike for 10 minutes instead of completing the 
fatigue protocol. 
Immediately following the fatigue protocol, participants repeated the humeral 
elevation tasks. All post-testing procedures were completed within 5 minutes of completing 
the fatigue protocol.  Additionally, the isometric elbow flexion task was performed after the 
completion of the post fatigue data collection to validate that the fatigue effect was still 
present at the end of the data collection.   
Data Reduction 
The humeral kinematic data was low pass filtered at 10 Hz (4th order zero-phase lag 
Butterworth).  Euler angle calculation was used to determine humeral elevation angles.  Y-
X’-Y’’ order with Y” being humeral elevation angle was used for data reduction.  Humeral 
orientation was then determined as rotation about the y-axis of the humerus (plane of 
elevation), rotation about the z-axis (elevation), and rotation about the y-axis (axial rotation).  
Each of these rotations was chosen based on the recommendations of the International 
Shoulder Group (Wu, et al., 2005). Time points when humeral elevation reached 30°, 60°, 
90°, and 120° was identified to calculate EMG means during 0-30°, 30°-60°, 60°-90°, and 
90°-120° elevation arcs.   
Muscle activity data was corrected for DC bias and bandpass (10-350 Hz) and notch 
(59.5-60.5, 99.5-100.5, 199.5-200.5, and 299.5-300.5 Hz) filtered using a 4th order zero phase 
lag Butterworth filter.  Data was then smoothed by 50ms moving root mean square. The 
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muscle activity for each muscle during 0°-30°, 30°-60°, 60°-90°, and 90°-120° elevation arcs 
was calculated as the average EMG signal amplitude during each arc normalized to the 
maximal voluntary isometric contraction. The average of the normalized EMG activity for 
each arc was calculated from the middle 5 repetitions for statistical analysis.   
Strength variables were normalized to body weight and median power frequency data 
was calculated by fast fourier transformation of the recorded data. 
Statistical Analysis   
Muscle activation of each muscle during 0˚-30˚, 30˚-60˚, 60˚-90˚, and 90˚-120˚ of 
humeral elevation arc during the humeral elevation tasks during pre and post testing for the 
fatigue and control groups was compared using a 2 way mixed model ANOVA with 1 
between subjects (fatigue vs. control group) and 1 within subjects factor (pre/post fatigue 
change scores), followed by Bonferroni post hoc analyses.  Separate analyses were ran for 
the humeral elevation tasks performed in the scapular plane, sagittal plane, and 
internal/external rotation. The level of significance was set at .05 prior to the study.
 CHAPTER IV 
RESULTS
 
A total of thirty participants were tested for the current study. The demographics of 
the participants appear in Table 1.  All participants completed all components of the testing 
procedures.   
Shoulder Strength Data 
The shoulder strength data are presented in Table 2.  Overall, there was a significant 
test by group interaction for elbow flexion strength (F(1,28) = 41.544, p = <0.005).  Post hoc 
testing revealed a significant decreased in elbow flexion strength in the experimental group 
(Mean difference -8.3 ± 5.1, 95% CI -11.8 to -5.94, t(14) = 6.302, p = <0.005). However, there 
was no significant test by group interaction for shoulder flexion strength (F(1,28) = .146, p = 
.706) or shoulder scaption strength (F(1,28) = 1.705, p =.202). The main effects for test and 
group were not significant for all strength measures (p>0.05). 
Median Power Frequency 
Median power frequency data for the biceps brachii are presented in Table 3.  There 
was no significant test by group interaction effect (F(1,28) = 3.228, p =0 .083) or main effects 
for test or group (p>0.05).  
Muscle Activation  
Muscle activation data for humeral flexion, scaption, and internal/external rotation 
tasks are presented in Tables 4, 5, and 6, respectively.  During humeral flexion, there was a 
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significant phase by group interaction for the anterior deltoid muscle (F(3,70) = 3.879, p = 
.018). However, the post hoc test revealed no significant between-group differences in 
anterior deltoid activation levels during 0-30° (t(25) = .362, p = .720), 30-60° (t(28) = -1.235, p 
= .227), 60-90° (t(28) = .880, p = .386), or 90-120° (t(28) = 1.890, p = .069) phases.  There was 
no significant phase by group interaction for the biceps (F(3,73) = 2.369, p = .086), middle 
deltoid (F(1,34) = 2.104, p = .153), posterior deltoid (F(2,57) = 2.662, p = .078), or infraspinatus 
(F(2,68) = 1.045, p = .368) during the flexion task. The main effect for group was also 
insignificant for the biceps (F(1,28) = 3.070, p = .091), anterior deltoid (F(1,28) = .544, p = .467), 
middle deltoid (F(1,28) = .925, p = .344), posterior deltoid (F(1,28) = .000, p = .982), and 
infraspinatus (F(1,28) = .390, p = .537). 
For the humeral scaption task, there was a significant phase by group interaction for 
the infraspinatus (F(2.56) = 3.462, p = .038). However, the post hoc testing revealed no 
significant differences between groups across all four phases (0-30°:  t(28) = -.177, p = .860, 
30-60°: t(15) = -1.379, p = .188, 60-90°: t(15) = -.902, p = .382, and 90-120°: t(16) = .338, p = 
.741). There was no significant phase by group interaction for biceps (F(2,43) = .510, p = 
.557), anterior deltoid (F(2,63) = 1.511, p = .227), middle deltoid (F(2,44) = 1.353, p = .265), or 
posterior deltoid (F(3,73) = 1.994, p = .130). The main effects were also not significant for 
biceps (F(1,28) = 2.133, p = .155),anterior deltoid (F(1,28) = 1.119, p = .299), middle deltoid 
(F(1,28) = 1.145, p = .294), posterior deltoid activation (F(1,28) = .264, p = .612), or 
infraspinatus. 
For the humeral internal/external task, there were no significant phase by group 
interactions for all five muscles tested (biceps: F(1,28) = 2.038, p = .164, anterior deltoid: F(1,28) 
= 1.038, p = .317, middle deltoid: F(1,28) = .030, p = .864, posterior deltoid: F(1,28) = .646, p = 
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.428, and infraspinatus: F(1,28) = 2.549, p = .122). The main effects for group were also not 
significant for all five muscles tested (biceps: F(1,28) = 2.842, p = .103, anterior deltoid: F(1,28) 
= 1.143, p = .294, middle deltoid: F(1,28) = .037, p = .849, posterior deltoid: F(1,28) = .194, p = 
.663, and infraspinatus: F(1,28) = .675, p = .418) 
 CHAPTER V 
DISCUSSION
 
 
The purpose of this study was to examine the active role the biceps brachii plays at 
the glenohumeral joint during humeral elevation tasks.  The active role of biceps brachii 
during the glenohumeral flexion, scaption, and rotation tasks was examined by observing the 
activation pattern of the glenohumeral muscles before and after decreasing the active 
contribution of the muscle through induced elbow flexion fatigue. The study found no 
significant changes in EMG activity between pre and post fatigue muscle activation in the 
experimental group or the control group despite a significant decrease in elbow flexion 
strength that was found post fatigue in the experimental group. 
This study evaluated muscle activation between experimental and control groups for 
five-selected shoulder muscles both pre and post biceps fatigue: biceps brachii, anterior 
deltoid, middle deltoid, posterior deltoid, and infraspinatus.  The hypotheses of the current 
study were that the experimental group would demonstrate significantly greater increase in 
muscle activation compared to the control group for all muscles during each task following 
the fatigue protocol. The results of the current study do not support these hypotheses since 
the results indicate that the fatigue protocol had no effect on muscle activation patterns for all 
muscles involved across all glenohumeral motions tested.  
There are many possible reasons why the findings of the study did not support the 
study hypotheses.  First and foremost, the biceps brachii may not truly play an active role in 
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glenohumeral motion.  With acute muscular fatigue, it has been shown that the use of 
synergistic muscles can increase and the desired task can be completed (Akima, Foley, Prior, 
Dudley, & Meyer, 2002).  Proposed explanations to these observed changes include 
increased central command of the synergistic muscles and alterations in motor unit firing via 
peripheral feedback.  In the current study, significant changes in the synergistic muscles 
activation patterns were not found.  The absence of these changes may indicate that the 
biceps does not actively contribute to glenohumeral motion.   
 Another possible reason that may have contributed to the findings not supporting the 
hypotheses revolves around the resistance held by participants during the humeral elevation 
tasks.  Although previous studies have demonstrated the biceps to be an active contributor to 
glenohumeral motion, the load applied to the muscle may have an effect on 
electromyographic activity (Rajendran & Kwek, 1991; Sakurai, et al., 1998).  Sakurai et al. 
(1998) examined biceps brachii EMG activity during glenohumeral tasks that varied in 
flexion, abduction, internal rotation and external rotation angles.  Participants performed 
isometric contractions against 30% of MVIC for the various shoulder motions tested.  In the 
current study, participants held 10% of their maximal strength during the elevation tasks.  
During pilot testing, 25% of the participants’ maximal strength was held during the elevation 
tasks, but we observed that the participants were having difficulty performing the elevation 
tasks post-fatigue with this load, and thus the load was reduced to 10% of their maximal 
strength.  However, previous studies have used external loads comparable to those used in 
the current study (K. R. Lucas, Rich, & Polus, 2010; Michiels & Grevenstein, 1995).  Both of 
the previously mentioned studies used external loads ranging anywhere from 1-4 kg to 
complete the humeral elevation tasks performed in the studies.   
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 The findings of this study both support and oppose previous research on the active 
contributions of the biceps brachii to glenohumeral motion.  Our findings are in line with 
Levy et al. (2001) who reported the biceps did not actively contribute during flexion, 
abduction, and external rotation movements performed with the elbow locked in full 
extension, suggesting biceps activity may not be active when no elbow motion is present.  
Yamaguchi et al. (1997) examined the biceps activity during varying glenohumeral motions 
in varying elbow flexion and extension angles and, reported that the biceps did not actively 
contribute to the motions tested.  The current study findings also agree with those of Landin 
et al. (2008), who concluded that the biceps brachii does not aid with elevation of the 
glenohumeral joint during the 30°-120° arc in the scapular plane.  However, Landin et al. 
(2008) found the biceps to actively contribute during the 0-30° arc, which the current study 
did not find.  The researchers concluded that the biceps only influences motion at the 
shoulder when it is near maximal length.  These studies aid in the argument that the biceps 
brachii does not actively contribute to glenohumeral motion.   
 On the other hand, the findings of the current study also challenge the findings of 
Sakurai et al. (1998) that demonstrated the long head and short head were active regardless of 
elbow position during isometric contractions performed in varying degrees of glenohumeral 
flexion, abduction, internal rotation and external rotation. The authors concluded that the 
biceps brachii is not only a flexor of the shoulder, but also an abductor of the glenohumeral 
joint as a result of their findings. One possible reason for the difference in findings between 
the previously mentioned study and the current study could be the loads held by the subjects 
during the elevation tasks.  Sakurai et al. (1998) had participants perform tasks with a 30% 
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MVIC load, while the current study used 10% MVIC load.  The current study may not have 
activated the muscles to their full potential, possibly influencing EMG activity. 
 Our findings also contradict the results of Rajendran & Kwek (1991) who used 
cadaveric shoulders. The study observed that the shortening of the biceps tendon with 
increasing glenohumeral abduction and concluded that the shortening of the biceps serves an 
active role in producing glenohumeral motion. When using the cadaveric shoulders, most of 
the surrounding tissues are cut off before the experiment, muscle forces are 
estimated/simulated, and the assessment of the biceps function becomes limited to during 
non-functional tasks. These limitations may have accounted for the difference in the findings 
between their study and the current study.    
 In order to ensure that the fatigue of the biceps was still present at the completion of 
the post-fatigue testing procedure, maximal isometric strength and median power frequency 
of the biceps while maintaining submaximal isometric contraction (holding weight that was 
equivalent to 25% of the maximum isometric strength) were compared before fatigue and 
after the completion of the post-fatigue testing protocol. The 27% (30.7% body mass to 
22.4% body mass) reduction in elbow flexion strength without significant changes in 
shoulder scaption or shoulder flexion strength indicates that the biceps was fatigued, as the 
fatigue protocol was designed to isolate the biceps, although fatiguing of the brachialis 
muscle, which is another strong elbow flexor muscle cannot be denied.  
  While the exact mechanisms that lead to fatigue are unknown, the decrease in elbow 
flexion strength indicates that the active contribution of the biceps was reduced after fatigue, 
and remained reduced until after the completion of the post-fatigue testing protocol. It has 
been shown that metabolic changes to the muscle fibers during exercise plays an important 
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role in muscle fatigue (Sahlin, et al., 1998).  Some of the proposed mechanisms of muscle 
fatigue include the accumulation of metabolic byproducts ions in the muscle fibers, inhibition 
of Ca+2 release, decline of glycogen stores, and decreased conduction velocity of action 
potentials (Ament & Verkerke, 2009).  
 On the other hand, the median power frequency did not significantly change 
following the fatigue protocol. Previous studies examining median power frequency data 
agree that spectrum shifts to lower frequencies following exercise is a sign of fatigue 
(Ament, Bonga, Hof, & Verkerke, 1993, 1996). These two studies examined changes in 
median power frequency after exhausting treadmill running.  In one study, 20% incline 
treadmill running until exhaustion resulted in 7%-18% decreases in isometric gastrocnemius 
and soleus median power frequencies.  A separate study looking at the effects of fatigue on 
median power frequencies found after an exhausting treadmill run at 33% incline that 
dynamic and isometric median power frequencies shifted to lower frequencies in the 
gastrocnemius and soleus (Ament, Bonga, Hof, & Verkerke, 1993, 1996).  
Contrary to the previous studies that support a decrease in median power frequency 
following fatigue, several studies have demonstrated increases in median power frequency 
following fatigue during submaximal contractions (Arendt-Nielsen, Mills, & Forster, 1989; 
Braakhekke, Stegeman, & Joosten, 1989; Hagg, 1992).  Arendt-Nielson et al. (1989) found 
that during 10%-20% MVIC submaximal contractions, conduction velocities and median 
power frequency both increased.  The authors attributed this to a rise in conduction velocity 
of the active group of motor units as a consequence of a rise in temperature in the muscle.  
Braakhekke et al. (1989) also found that with fatiguing isometric contractions, median power 
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frequencies increased.  They attributed this finding to an increased recruitment of type II 
muscle fiber motor units following fatigue.        
 The shift in power spectrum density to lower frequencies following fatigue has been 
attributed to numerous factors.  Brody et al. (1991) demonstrated that an increase in 
intramuscular pH directly affects median power frequency.  Following muscular fatigue, the 
increased lactic acid levels lead to decreased conduction velocities.  These decreases in 
conduction velocities were directly related to lower spectrum shifts in median power 
frequency (Brody, Pollock, Roy, De Luca, & Celli, 1991).  In addition to decreased 
conduction velocities leading to changes in median power frequency, differences in muscle 
fiber activity and time synchronization in the activity of motor units have also been suggested 
to affect spectrum data (Dimitrova & Dimitrov, 2003; Merletti, Knaflitz, & De Luca, 1990).  
Slow twitch muscle fibers (Type 1) have been shown to remain active following fatiguing 
exercise, while the fast twitch fibers (Type II) have fatigued and in essence shut down.  This 
drop out of the type II muscle fibers can be attributed to the fact that fast twitch muscle fibers 
have larger motor units and are activated at higher stimulation levels when compared to slow 
twitch muscle fibers.  If this high level stimulation is not reached, a spectral shift to lower 
frequencies may not be seen, as may be the case in the current study (Merletti, et al., 1990). 
The possible explanation for the discrepancy in the strength and median power frequency 
may be attributed to the load the participants held during the isometric elbow flexion task.  
During this task, the participants held a 25% load based on MVIC testing.  This 25% load 
may not have been great enough to fully engage the type IIb fibers at the beginning of the 
isometric trial.  If this were the case, the type II fibers would not have had the opportunity to 
drop out over the course of the 10-second trial and produce a resultant shift to lower 
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spectrum frequencies.  
Clinical Significance 
Due to its anatomic location, the biceps-labral complex is subjected to extreme 
amounts of stress during overhead motion and as a result, numerous biceps-labral injuries can 
occur (Andrews, Carson, & McLeod, 1985; Barber, Field, & Ryu, 2008; Beltran, Jbara, & 
Maimon, 2003; Cowderoy, Lisle, & O'Connell, 2009; Neer, 1983).  To combat these injuries, 
various approaches are taken.  Traditional rehabilitation and surgery are two options that are 
commonly utilized in treating biceps-labral complex injuries.  Two common surgical 
techniques that are employed with biceps-labral complex injuries include biceps tenodesis 
and biceps tenotomy.  With the biceps tenodesis, the biceps tendon is relocated distally on 
the humerus, while with the biceps tenotomy the tendon is released from its attachement to 
the superior glenoid tubercle altogether.  A possible complication from the tenotomy 
procedure is the development of a pop-eye deformity, which involves a distal migration of 
the long head of the biceps tendon resulting in cosmetic defomity (Franceschi, et al., 2007).   
However, based on the findings of the current study, it appears that these surgical 
prodedures can be performed with no loss of active biceps brachii contributions to 
glenohumeral motion. Conversely, when evaluating the appropriateness of the surgical 
procedures, post surgical activity of the individual, proprioception, changes in coordination 
patterns, and rehabiliation compliance also need to be considered.  Also, since the biceps 
brachii is a biarticulate muscle that crosses the elbow joint as well, changes to its role in 
elbow motion should also be examined when discussing the appropriateness of the previously 
mentioned surgeries.  Previous studies have demonstrated role of biceps in stabilizing the 
humeral head in the glenoid fossa during movement (Itoi, et al., 1993; Kido, et al., 2000; 
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Kumar, et al., 1989; Landin, et al., 2008; Rodosky, et al., 1994; Warner & McMahon, 1995).  
The current study provides an important piece of the puzzle in the overall role of the biceps 
at the glenohumeral joint.  The study also provides information individuals can use to assess 
the overall appropriateness and effectiveness of the surgical procedures commonly performed 
on individuals with biceps-labral complex injuries .  
Limitations 
There were limitations in the current study that need to be acknowledged. Although 
participants were monitored and encouraged to give full effort during the testing, individual 
effort could not be assessed. It is possible that some participants may have elected not to give 
full effort during the testing procedures (ex. strength test, fatigue protocol).  Another 
limitation of the study was the lack of monitoring of the activation of the surrounding 
shoulder musculature during the biceps fatigue protocol.  However, we secured the 
participants trunk and arm using the strap to minimize the movement at the shoulder joint. In 
addition, the strength testing of the deltoid and the infraspinatus muscle demonstrated no 
change pre and post biceps fatigue, indicating that none of these muscles experienced 
significant fatigue from the fatigue protocol. Due to methodological limitation of the surface 
EMG, we were unable to assess the activity of the deep rotator cuff muscles.  As a result of 
this, the infraspinatus was monitored via surface EMG electrodes in order to make sure the 
infraspinatus did not fatigue during the biceps fatigue protocol. The results of the study 
indicated that there was not a significant change in EMG activation of the infraspinatus 
before and after the fatigue protocol, showing the muscle was not affected by the fatigue 
protocol.  Finally, flexion and scaption tasks in the current study were completed with the 
arm in full extension in order to limit elbow flexion, thus, conclusions about biceps activation 
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at the glenohumeral joint with varying degrees of elbow flexion cannot be made.  However, 
this was done in order to eliminate the biceps activity since the biceps is a biarticulate muscle 
that also crosses the elbow joint and aids in elbow movement (Alcid, Ahmad, & Lee, 2004; 
Fornalski, Gupta, & Lee, 2003).  In addition, the goal of the current study was strictly to 
examine the active contributions of the biceps brachii on glenohumeral elevation tasks.  
While numerous steps were taken to ensure accurate measurement of this data, other passive 
roles the biceps has been suggested to serve at the shoulder were not examined.   
Future Research 
As previously mentioned, the biceps-labral complex undergoes a tremendous amount 
of stress during overhead motions.  The active contributions of the biceps during various 
shoulder elevation tasks have been examined, but more research should be done examining 
muscle activation during more dynamic shoulder tasks.  Future research should include 
varying degrees of shoulder motion and varying resistance.  Multi-planar motions should be 
studied, as they better represent functional movements that occur with the overhead throwing 
motion.   
 Ideally, research involving muscle activation patterns should include individuals who 
have undergone the previously mentioned procedures of biceps tenodesis and biceps 
tenotomy.  Comparing muscle activation patterns of these individuals both pre and post 
surgery would provide clearer data regarding the active role of the biceps at the glenohumeral 
joint.   
Conclusions 
 The results of the current study indicate that the active contribution of the biceps is 
insignificant during glenohumeral movements of flexion, scaption and internal/external 
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rotation.  Based on these results, it appears that the surgical procedures that relocate or 
release the biceps tendon from the glenohumeral joint to treat biceps-labral complex injuries 
(tenodesis and tenotomy) can be performed without affecting the activation of the other 
shoulder musculature.  However, the stabilization function of the biceps and proprioceptive 
changes are factors that need to be considered when determining the appropriateness and 
effectiveness of the surgery.  Further research is needed to examine the contributions of the 
biceps during multi-planar movements.   
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TABLES 
TABLE 1. Demographics 
 Experimental Control 
Number of Subjects (n) 15 15 
Males/Females 7/8 8/7 
Age (yrs) 19.9 ± 1.1 20.9 ± 1.9 
Mass (kg) 72.9 ± 11.8 70.5 ± 8.0 
Height (cm) 174.2 ± 9.0 173.9 ± 9.7 
       
 
TABLE 2: Mean and Standard Deviation of the Strength Values (% Body Mass) pre and post 
intervention 
  Experimental Control 
 Pre Post Change Pre Post Change 
Elbow flexion 30.7 ± 7.7 22.4 ± 5.4 -8.3 ± 5.1 32.3 ± 8.2 32.8 ± 8.1 0.5 ± 1.4 
Shoulder Flexion 20.9 ± 5.0 19.9 ± 3.6 -1.0 ± 3.2 23.3 ± 4.3 22.6 ± 4.1 -0.7 ± 1.8 
Scaption 21.4 ± 4.1 19.8 ± 2.7 -1.6 ± 3.1 21.6 ± 4.6 21.3 ± 4.0 -0.3 ± 2.2 
 
 
TABLE 3: Median Power Frequency pre and post 
intervention 
     
 Experimental Control 
 Pre Post Pre Post 
Biceps 76.4 ± 9.8 70.4 ± 10.3 84.2 ± 22.7 84.0 ± 24.4 
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 TABLE 4: Means and Standard Deviations of % MVIC EMG activation during humeral flexion task 
  Experimental  Control 
  Pre Post Change Pre Post Change 
Biceps                    
 0-30 24.2 ± 21.7 12.3 ± 13.3 -11.8 ± 23.9  18.2 ± 16.2 15.7 ± 10.7 -2.4 ± 8.5 
 30-60 33.3 ± 29.2 19.2 ± 15.9 -14.1 ± 30.7  23.2 ± 26.1 26.1 ± 23.4 2.9 ± 9.3 
 60-90 33.1 ± 31.4 23.7 ± 21.7 -9.4 ± 32.4  23.2 ± 27.3 27.6 ± 26.5 4.3 ± 9.0 
 90-120 32.1 ± 27.4 22.2 ± 21.8 -9.9 ± 26.5  26.8 ± 33.9 29.4 ± 35.0 2.7 ± 8.6 
 Overall 30.7 ± 27.4 19.4 ± 18.2 -11.3 ± 28.4  22.9 ± 25.9 24.7 ± 23.9 1.9 ± 8.9 
        
   
       
   
Anterior Deltoid       
   
       
   
 0-30 47.3 ± 29.3 41.5 ± 33.9 -5.8 ± 26.4  40.0 ± 24.2 31.2 ± 13.1 -8.7 ± 17.8 
 30-60 80.3 ± 35.4 78.2 ± 29.5 -2.1 ± 23.2  69.2 ± 33.3 75.9 ± 36.5 6.7 ± 14.9 
 60-90 101.4 ± 41.9 111.8 ± 34.5 10.4 ± 15.9  93.6 ± 40.9 97.0 ± 40.8 3.5 ± 25.9 
 90-120 100.0 ± 37.1 114.1 ± 38.6 14.5 ± 24.6  97.8 ± 35.3 93.8 ± 36.3 -4.1 ± 29.1 
 Overall 82.3 ± 35.9 86.4 ± 34.1 4.3 ± 22.5  75.2 ± 33.4 74.5 ± 31.7 -0.65 ± 21.9 
        
   
       
   
Middle Deltoid       
   
       
   
 0-30 41.7 ± 38.1 45.2 ± 58.3 3.46 ± 30.3  21.2 ± 12.7 19.7 ± 13.0 -1.5 ± 5.5 
 30-60 69.8 ± 61.1 76.1 ± 84.5 6.26 ± 27.6  42.1 ± 20.4 48.3 ± 22.1 6.2 ± 5.6 
 60-90 73.3 ± 25.2 97.8 ± 85.0 24.4 ± 67.7  56.7 ± 22.4 62.1 ± 22.6 5.4 ± 9.3 
 90-120 73.2 ± 17.4 96.9 ± 84.4 23.6 ± 79.0  61.8 ± 19.8 60.4 ± 19.6 -1.4 ± 8.5 
 Overall 64.5 ± 35.5 79 ± 78.1 14.4 ± 51.2  45.5 ± 18.8 47.6 ± 19.3 2.2 ± 7.2 
        
   
       
   
Posterior Deltoid       
   
       
   
 0-30 13.5 ± 15.1 11.0 ± 9.3 -2.4 ± 10.0  6.9 ± 4.5 6.0 ± 3.4 -1.0 ± 2.6 
 30-60 28.1 ± 35.6 25.6 ± 22.8 -2.5 ± 16.1  14.8 ± 12.2 16.4 ± 11.9 1.6 ± 4.3 
 60-90 37.0 ± 38.6 41.4 ± 35.4 4.4 ± 10.0  22.8 ± 16.7 23.8 ± 16.0 1.0 ± 5.7 
 90-120 36.6 ± 29.3 38.6 ± 26.8 2.0 ± 8.9  24.8 ± 16.5 24.5 ± 15.0 -0.3 ± 4.9 
 Overall 28.8 ± 29.7 29.2 ± 23.6 0.38 ± 11.3  17.3 ± 12.5 17.7 ± 11.6 0.33 ± 4.4 
        
   
       
   
Infraspinatus       
   
       
   
 0-30 47.7 ± 38.1 47.8 ± 51.7 -0.03 ± 25.9  25.7 ± 15.6 22.8 ± 15.9 -2.9 ± 6.5 
 30-60 60.5 ± 34.0 67.8 ± 48.7 7.4 ± 31.9  38.2 ± 22.5 39.9 ± 26.4 1.7 ± 7.8 
 60-90 59.2 ± 35.0 66.2 ± 34.0 7.0 ± 25.1  34.6 ± 22.0 34.4 ± 23.1 -0.2 ± 5.4 
 90-120 44.4 ± 27.3 43.6 ± 20.3 -0.8 ± 17.2  25.6 ± 15.5 25.0 ± 17.5 -0.6 ± 4.6 
 Overall 53.0 ± 33.6 56.4 ± 38.7 3.4 ± 25.0  31.0 ± 18.9 30.5 ± 20.7 -0.5 ± 6.1 
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 TABLE 5: Means and Standard Deviations of % MVIC EMG activation during humeral scaption task 
  Experimental  Control 
  Pre Post Change Pre Post Change 
Biceps       
   
       
   
 0-30 34.6 ± 38.3 24.6 ± 36.9 10.1 ± 26.1  19.1 ± 15.9 18.9 ± 14.8 0.13 ± 4.7 
 30-60 46.1 ± 58.6 41.8 ± 64.3 4.3 ± 18.9  24.4 ± 21.1 24.0 ± 16.8 0.43 ± 9.7 
 60-90 44.8 ± 63.8 43.8 ± 54.3 1.0 ± 24.6  26.0 ± 23.8 26.9 ± 24.0 -0.95 ± 8.2 
 90-120 40.6 ± 46.0 31.4 ± 33.6 9.2 ± 23.7  27.9 ± 33.3 27.9 ± 30.0 -0.002 ± 7.9 
 Overall 41.5 ± 51.7 35.4 ± 47.3 6.2 ± 23.3  24.4 ± 23.5 24.4 ± 21.4 -0.098 ± 7.6 
        
   
       
   
Anterior Deltoid       
   
       
   
 0-30 49.1 ± 35.3 48.7 ± 44.3 0.5 ± 18.8  40.2 ± 26.2 41.6 ± 38.0 -1.4 ± 31.6 
 30-60 74.7 ± 46.9 84.7 ± 51.8 -10.0 ± 18.0  58.7 ± 33.1 62.7 ± 43.0 -4.0 ± 13.4 
 60-90 93.0 ± 45.2 110 ± 46.9 -16.7 ± 12.7  83.6 ± 45.4 82.2 ± 39.1 1.4 ± 31.6 
 90-120 106.4 ± 37.1 111 ± 42.4 -4.5 ± 24.8  91.6 ± 41.7 85.4 ± 34.0 6.2 ± 41.3 
 Overall 80.8 ± 41.1 88.5 ± 46.4 -7.7 ± 18.6  68.5 ± 36.6 68.0 ± 38.5 0.55 ± 29.5 
        
   
       
   
Middle Deltoid       
   
       
   
 0-30 54.7 ± 55.5 64.0 ± 73.8 -9.3 ± 22.5  30.4 ± 11.6 35.6 ± 14.8 -5.2 ± 9.6 
 30-60 71.8 ± 54.6 92.2 ± 96.5 -20.4 ± 43.8  50.1 ± 20.9 58.5 ± 21.0 -8.4 ± 7.9 
 60-90 86.7 ± 54.4 103.0 ± 84.0 -16.3 ± 31.4  62.4 ± 15.9 69.2 ± 17.2 -6.8 ± 7.1 
 90-120 82.2 ± 45.4 99.9 ± 95.4 -17.7 ± 52.6  64.7 ± 18.0 66.5 ± 19.3 -1.8 ± 7.6 
 Overall 73.9 ± 52.5 89.8 ± 87.4 -15.9 ± 37.6  51.9 ± 16.6 57.5 ± 18.1 -5.6 ± 8.1 
        
   
       
   
Posterior Deltoid       
   
       
   
 0-30 20.4 ± 22.0 17.5 ± 11.0 2.9 ± 16.1  12.7 ± 7.7 14.8 ± 9.7 -2.1 ± 3.7 
 30-60 32.8 ± 45.2 33.6 ± 33.4 -0.8 ± 13.3  23.1 ± 13.3 24.3 ± 14.0 -1.1 ± 4.7 
 60-90 38.4 ± 44.0 40.3 ± 33.0 -1.9 ± 15.5  27.3 ± 12.2 29.5 ± 13.7 -2.1 ± 4.5 
 90-120 37.2 ± 35.1 34.6 ± 20.7 2.6 ± 20.9  27.7 ± 15.6 28.2 ± 16.1 -0.55 ± 4.3 
 Overall 32.2 ± 36.6 31.5 ± 24.5 0.7 ± 16.5  22.7 ± 12.2 24.2 ± 13.4 -1.5 ± 4.3 
        
   
       
   
Infraspinatus       
   
       
   
 0-30 44.0 ± 34.7 45.1 ± 37.0 -1.1 ± 19.5  25.3 ± 12.9 25.4 ± 13.9 -0.12 ± 5.3 
 30-60 49.5 ± 33.6 59.1 ± 40.0 -9.6 ± 26.8  31.0 ± 18.3 30.8 ± 18.1 0.18 ± 5.3 
 60-90 48.6 ± 36.6 55.5 ± 35.6 -6.9 ± 28.8  27.9 ± 16.6 28.1 ± 17.6 -0.16 ± 4.4 
 90-120 40.0 ± 29.5 38.6 ± 21.9 1.4 ± 17.5  23.8 ± 14.5 23.9 ± 15.6 -0.12 ± 4.2 
 Overall 45.5 ± 33.6 49.6 ± 33.6 -4.1 ± 23.2  27 ± 15.6 27.1 ± 16.3 -0.06 ± 4.8 
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TABLE 6: Means and Standard Deviations of % MVIC EMG activation during humeral internal/external 
rotation task 
 Experimental Control 
 Pre Post Change Pre Post Change 
Biceps       
   
      
   
 IR 9.4 ± 9.3 6.3 ± 6.7 -3.1 ± 5.8 6.1 ± 7.7 5.8 ± 6.0 -0.3 ± 1.9 
 ER 9.4 ± 8.0 8.6 ± 8.9 -0.8 ± 3.0 6.2 ± 6.5 6.2 ± 6.5 -0.1 ± 0.8 
 Overall 9.4 ± 8.7 7.5 ± 7.8 -1.9 ± 4.4 6.2 ± 7.1 6.0 ± 6.3 -0.2 ± 1.3 
        
   
      
   
Anterior Deltoid       
   
      
   
 IR 18.2 ± 12.8 20.0 ± 13.8 1.8 ± 7.9 12.5 ± 10.9 11.2 ± 8.9 -1.3 ± 6.0 
 ER 18.7 ± 10.6 20.9 ± 11.4 2.2 ± 8.0 13.2 ± 11.4 13.1 ± 10.2 -0.1 ± 6.1 
 Overall 18.5 ± 11.7 20.5 ± 12.6 2.0 ± 8.0 12.9 ± 11.2 12.2 ± 9.6 -0.7 ± 6.1 
        
   
      
   
Middle Deltoid       
   
      
   
 IR 37.6 ± 26.4 42.1 ± 27.5 4.5 ± 8.2 24.2 ± 8.7 28.9 ± 9.5 4.7 ± 5.0 
 ER 33.3 ± 23.3 36.9 ± 23.1 3.5 ± 5.3 19.8 ± 7.2 23.8 ± 7.4 4.1 ± 3.8 
 Overall 35.5 ± 24.9 39.5 ± 25.3 4.0 ± 6.8 22.0 ± 8.0 26.4 ± 8.5 4.4 ± 4.4 
        
   
      
   
Posterior Deltoid       
   
      
   
 IR 13.6 ± 6.7 15.6 ± 9.4 2.0 ± 3.7 13.1 ± 5.1 15.3 ± 5.4 2.2 ± 2.6 
 ER 11.8 ± 5.0 13.8 ± 7.2 2.1 ± 3.1 10.5 ± 3.9 13.3 ± 5.5 2.8 ± 3.1 
 Overall 12.7 ± 5.9 14.7 ± 8.3 2.1 ± 3.4 11.8 ± 4.5 14.3 ± 5.5 2.5 ± 2.9 
        
   
      
   
Infraspinatus       
   
      
   
 IR 15.4 ± 5.5 16.4 ± 6.0 1.0 ± 4.7 10.7 ± 4.8 11.3 ± 5.6 0.6 ± 1.5 
 ER 23.1 ± 9.1 26.1 ± 10.6 3.1 ± 7.4 17.8 ± 9.0 18.6 ± 9.7 0.8 ± 2.8 
 Overall 19.3 ± 7.3 21.3 ± 8.3 2.0 ± 6.1 14.3 ± 6.9 15.0 ± 7.7 0.7 ± 2.2 
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FIGURES
 
Figure 1: EMG electrode placement-Anterior view 
 
Figure 2: EMG electrode placement-Lateral view 
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Figure 3: EMG electrode placement-Posterior view 
  
 
Figure 4: Dynamometer positioning for fatigue protocol 
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ABSTRACT 
Objective: To assess the active role of biceps brachii during the glenohumeral flexion, 
scaption, and rotation tasks by observing the activation pattern of the glenohumeral muscles 
before and after decreasing the active contribution of the muscle through induced elbow 
flexion fatigue 
Design: Randomized control trial 
Setting: University Research Laboratory 
Participants: Thirty physically active 18-30 year old individuals 
Intervention: A biceps fatigue protocol was utilized.  Participants performed concentric 
biceps curls on a Biodex dynamometer at 180°/sec until torque output dropped below 50% 
max torque for 3 consecutive repetitions.  Participant repeated the protocol for a total of 3 
trials. 
Main Outcome Measurement: Glenohumeral muscle activation patterns of the biceps 
brachii, anterior deltoid, middle deltoid, posterior deltoid, and infraspinatus during humeral 
elevation tasks of flexion, scaption, and internal/external rotation 
Results: There were no significant changes in EMG activity between pre and post fatigue 
muscle activation in experimental groups or the control group; despite a significant decrease 
in elbow flexion strength that was found post fatigue in the experimental group.      
Conclusions: The results of the current study indicate that the active contribution of the 
biceps is minimal during the glenohumeral movements.  Based on these results, it appears 
that the surgical procedures that relocate or release the biceps tendon from the glenohumeral 
joint to treat biceps-labral complex injuries (tenodesis and tenotomy) can be performed 
without affecting the activation of the other shoulder musculature. 
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INTRODUCTION 
 The long head of the biceps brachii tendon, along with the other structures 
surrounding the glenohumeral joint sustain high magnitudes of stress during overhead 
athletic movements (Grossman, et al., 2005; Huffman, et al., 2006).  Due to the anatomic 
location of the biceps tendon and the glenoid labrum, the biceps-labral complex is subjected 
to tensile, compressive, and frictional stresses, which are all contributors to biceps tendon 
and glenoid labrum pathologies (Andrews, et al., 1985; Barber, et al., 2008; Beltran, et al., 
2003; Cowderoy, et al., 2009; Neer, 1983; Snyder, et al., 1990).   
 It is important to understand the exact function of the long head of the biceps at the 
glenohumeral joint because of its implication on rehabilitation and surgical treatment options 
for individuals with proximal biceps tendon pain or labral pathologies (Barber, et al., 2008; 
Drakos, et al., 2008; Franceschi, et al., 2007; Friedman, et al., 2008; Frost, et al., 2009; Hsu, 
et al., 2008; Kelly, et al., 2005; Kokkalis & Sotereanos, 2009; Wolf, et al., 2005) 
Although the biceps has been shown through research to serve an active role, passive 
role, and no role at all at the glenohumeral joint (Itoi, et al., 1993; Kido, et al., 2000; Kumar, 
et al., 1989; Landin, et al., 2008; Rodosky, et al., 1994; Sakurai, et al., 1998; Warner & 
McMahon, 1995; Yamaguchi, et al., 1997), the exact function of the biceps has yet to be 
determined.  The inconsistency in the reported roles of the biceps demonstrates that a 
definitive understanding of what role the biceps plays at the glenohumeral joint does not 
exist.   
To date, no study has utilized a muscle fatigue protocol as a way to determine the role 
of the biceps at the glenohumeral joint.  Fatigue of the biceps brachii would directly affect 
the contractile units of the biceps brachii and cause them to become deficient.  In turn, force 
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production would be reduced and the biceps brachii would be diminished as a main source of 
active contributions to glenohumeral function.  The purpose of this study is to examine the 
active role the biceps brachii has at the glenohumeral joint during the humeral elevation 
tasks.  Through assessment of muscle activation before and after biceps brachii fatigue, a 
determination about the active role of the biceps brachii can be made.  The results of this 
study will provide a clearer understanding of the active role the biceps brachii has at the 
glenohumeral joint.  Determining what role the biceps serves at the glenohumeral joint will 
add clarity to the ongoing debate regarding the most appropriate surgical interventions for 
biceps tendon pathologies. 
MATERIALS AND METHODS 
Subjects 
 Thirty healthy individuals were recruited from a university population at The 
University of North Carolina at Chapel Hill.  Participants included both males and females 
between the ages of 18-30 who participated in at least 30 minutes of physical activity for at 
least 3 days a week over the past 6 months.  All participants read and signed a consent form 
approved by the university’s Institutional Review Board. 
Procedures  
Determination of the maximal strength 
 Prior to data collection, participants’ maximal humeral elevation strength 
in both the sagittal and scapular planes and elbow flexion strength was assessed using a 
handheld dynamometer (HHD) (Lafayette Instrument, Lafayette, IN).  HHD’s have 
previously been shown to be both a reliable and valid assessment tool for measuring 
isometric shoulder strength, given that the researcher’s strength is greater than that of the 
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subject (Bohannon, 1988; Stratford & Balsor, 1994).  These procedures were repeated 
three times each, and the average peak force output from the dynamometer was 
determined as the subject’s maximal strength.  
Preparation for the Assessment of Muscle Activity 
The locations of the electrode placement were determined through palpation and the 
location was marked on skin using a marker (Figures 1-3)(Cram, et al., 1997).  The skin was 
abraded and cleaned using a 70% isopropyl alcohol solution to reduce electrical impedance.  
Once the EMG set up was complete, the participants proceeded to complete a 5-minute warm 
up on an Airdyne bike.    
Assessment of the Muscle Activity during the Maximal Voluntary Isometric Contraction 
Following the warm up, maximum voluntary isometric contraction (MVIC) testing 
was completed in order to normalize the EMG data for the biceps brachii, anterior deltoid, 
middle deltoid, posterior deltoid, and infraspinatus. 
MVIC testing consisted of 3 5-second trials, with the data from the middle 3 seconds 
used to calculate the MVIC 
Preparation for the measurement of the humerothoracic kinematics 
Following the assessment of the muscle activity during MVIC, humerothoracic 
kinematic data was measured using the Motion Star electromagnetic tracking device 
(Ascension Technologies, Burlington, VT) with the Motion Monitor software (Innovative 
Sports Training, Inc., Chicago IL).  Five electromagnetic receivers were used for data 
collection.  For each participant, a receiver was placed on the sternal notch, over the flat 
portion of the acromion, the mid-shaft of the humerus, and the ulnar aspect of the wrist.  All 
of the receivers were secured with double sided tape, pre-wrap, and white athletic tape to 
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limit movement of the receiver on the skin.  The 5th receiver was attached to a stylus and 
used to digitize landmarks on the participants.  The digitization of thoracic, humeral, and 
scapular landmarks allowed for transformation of the receiver data from a global coordinate 
system to anatomically based local coordinate systems (Karduna, et al., 2001; Laudner, et al., 
2006; J. B. Myers, et al., 2005; J. B. Myers, et al., 2007).   
Assessment of the Muscle Activity during the Humeral Elevation Tasks 
The muscle activities were collected while the participants performed humeral 
elevation tasks in the sagittal plane, scapular plane, and performed internal/external rotation 
at 90° of shoulder abduction. The order of tasks was counterbalanced. Participants stood in 
anatomical position facing the direction of the positive x-axis.  During the humeral elevation 
task in the scapular plane (30° anterior to the frontal plane) and sagittal plane, the plane of 
the movement was guided by tape marked on the floor.  During the internal/external rotation 
task, participants’ arms were positioned at 90° of shoulder abduction, with the elbow fixed in 
90° of flexion by a custom made fiberglass brace.  The investigator used a guide to help keep 
the participant’s shoulder in 90° of abduction during the duration of the trial.  Participants 
were given the opportunity to practice the task until they felt comfortable.  Elevation and 
descent of the participants arm during the elevation tasks was performed on a 2 second up, 2 
second down time period, as controlled by a metronome set at 60 beats per minute. The 
elevation task in the sagittal and scapular planes were completed while the participants held 
weights that were 10% of the maximal elevation strength.  Ten repetitions were completed 
for each movement task.  
Fatigue Protocol 
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Following the completion of the humeral elevation tasks, fatigue group participants 
completed a biceps brachii fatigue protocol on an isokinetic dynamometer (Biodex Pro 3, 
Biodex Medical Systems Inc., Shirley, NY).  The EMG electrodes and electromagnetic 
receivers remained attached to the participant during the fatigue protocol. Participants were 
positioned supine in the Biodex with their arm and elbow positioned for the biceps brachii 
elbow flexion fatigue protocol (figure 4).  The arm was positioned at rest next to the 
participant, resting on the seat.  The forearm was supinated and strapped to the flexion 
attachment.  Participants were strapped across their lap, chest, and humerus to help limit any 
movement of the body.   
The participants performed 3 maximal concentric contractions at a speed of 
180°/second to determine the maximal torque output. The peak torque value from the three 
repetitions was used as the value for maximal torque output.  Fatigue was defined as when 
torque output drops below 50% of the maximal torque output for 3 consecutive contractions 
(Voight, et al., 1996).  
After 1-minute rest, participants performed concentric elbow flexion against the 
dynamometer moving at 180°/second until they reached fatigue. During the fatigue protocol, 
the investigator had real time feedback of torque output to determine when the participant 
reached fatigue.  Once fatigue was achieved, the cycle of determination of the maximum 
torque output and the fatigue protocol was repeated twice more. During the second and the 
third cycles, the fatigue protocol was repeated until the subject reached fatigue based on the 
maximal torque determined immediately prior to the respective fatigue protocol.  
Immediately following the fatigue protocol, participants repeated the humeral 
elevation tasks. All post-testing procedures were completed within 5 minutes of completing 
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the fatigue protocol.  Additionally, the isometric elbow flexion task was performed after the 
completion of the post fatigue data collection to validate that the fatigue effect was still 
present at the end of the data collection.   
DATA REDUCTION 
 The humeral kinematic data was low pass filtered at 10 Hz (4th order zero-phase lag 
Butterworth).  Euler angle calculation was used to determine humeral elevation angles.  Y-
X’-Y’’ order with Y” being humeral elevation angle was used for data reduction.  Humeral 
orientation was then determined as rotation about the y-axis of the humerus (plane of 
elevation), rotation about the z-axis (elevation), and rotation about the y-axis (axial rotation).  
Each of these rotations was chosen based on the recommendations of the International 
Shoulder Group (Wu, et al., 2005). Time points when humeral elevation reached 30°, 60°, 
90°, and 120° was identified to calculate EMG means during 0-30°, 30°-60°, 60°-90°, and 
90°-120° elevation arcs.   
Muscle activity data was corrected for DC bias and bandpass (10-350 Hz) and notch 
(59.5-60.5, 99.5-100.5, 199.5-200.5, and 299.5-300.5 Hz) filtered using a 4th order zero phase 
lag Butterworth filter.  Data was then smoothed by 50ms moving root mean square. The 
muscle activity for each muscle during 0°-30°, 30°-60°, 60°-90°, and 90°-120° elevation arcs 
was calculated as the average EMG signal amplitude during each arc normalized to the 
muscle activity during the maximal voluntary contraction. The average of the normalized 
EMG activity for each arc was calculated from the middle 5 repetitions for statistical 
analysis.   
Median power frequency data was calculated by fast fourier transformation of the 
recorded data. 
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RESULTS 
Shoulder Strength Data 
The shoulder strength data are presented in Table 2.  Overall, there was a significant 
test by group interaction for elbow flexion strength (F(1,28) = 41.544, p = <0.005).  Post hoc 
testing revealed a significant decreased in elbow flexion strength in the experimental group 
(Mean difference -8.3 ± 5.1, 95% CI -11.8 to -5.94, t(14) = 6.302, p = <0.005). However, there 
was no significant test by group interaction for shoulder flexion strength (F(1,28) = .146, p = 
.706) or shoulder scaption strength (F(1,28) = 1.705, p =.202). The main effects for test or 
group were not significant for all strength measures (p>0.05). 
Median Power Frequency 
Median power frequency data for the biceps brachii are presented in Table 3.  There 
was no significant test by group interaction effect (F(1,28) = 3.228, p =0 .083) or main effects 
for test or group (p>0.05).  
Muscle Activation  
Muscle activation data for humeral flexion, scaption, and internal/external rotation 
tasks are presented in Tables 4, 5, and 6, respectively.  During humeral flexion, there was a 
significant phase by group interaction for the anterior deltoid muscle (F(3,70) = 3.879, p = 
.018). However, the post hoc test revealed no significant between-group differences in 
anterior deltoid activation levels during 0-30° (t(25) = .362, p = .720), 30-60° (t(28) = -1.235, p 
= .227), 60-90° (t(28) = .880, p = .386), or 90-120° (t(28) = 1.890, p = .069) phases.  There was 
no significant phase by group interaction for the biceps (F(3,73) = 2.369, p = .086), middle 
deltoid (F(1,34) = 2.104, p = .153), posterior deltoid (F(2,57) = 2.662, p = .078), or infraspinatus 
(F(2,68) = 1.045, p = .368) during the flexion task. The main effects for group was also 
  79
insignificant for the biceps (F(1,28) = 3.070, p = .091), anterior deltoid (F(1,28) = .544, p = .467), 
middle deltoid (F(1,28) = .925, p = .344), posterior deltoid (F(1,28) = .000, p = .982), and 
infraspinatus (F(1,28) = .390, p = .537). 
For the humeral scaption task, there was a significant phase by group interaction for 
the infraspinatus (F(2.56) = 3.462, p = .038). However, the post hoc testing revealed no 
significant differences between groups across all four phases (0-30°:  t(28) = -.177, p = .860, 
30-60°: t(15) = -1.379, p = .188, 60-90°: t(15) = -.902, p = .382, and 90-120°: t(16) = .338, p = 
.741). There was no significant phase by group interaction for biceps (F(2,43) = .510, p = 
.557), anterior deltoid (F(2,63) = 1.511, p = .227), middle deltoid (F(2,44) = 1.353, p = .265), or 
posterior deltoid (F(3,73) = 1.994, p = .130). The main effects were also not significant for 
biceps (F(1,28) = 2.133, p = .155),anterior deltoid (F(1,28) = 1.119, p = .299), middle deltoid 
(F(1,28) = 1.145, p = .294), posterior deltoid activation (F(1,28) = .264, p = .612), or 
infraspinatus. 
For the humeral internal/external task, there were no significant phase by group 
interactions for all five muscles tested (biceps: F(1,28) = 2.038, p = .164, anterior deltoid: F(1,28) 
= 1.038, p = .317, middle deltoid: F(1,28) = .030, p = .864, posterior deltoid: F(1,28) = .646, p = 
.428, and infraspinatus: F(1,28) = 2.549, p = .122). The main effects for group were also not 
significant for all five muscles tested (biceps: F= 2.842, p = .103, anterior deltoid: F= 1.143, 
p = .294, middle deltoid: F= .037, p = .849, posterior deltoid: F= .194, p = .663, and 
infraspinatus: F= .675, p = .418).  
DISCUSSION 
The purpose of this study was to examine the active role the biceps brachii plays at 
the glenohumeral joint during humeral elevation tasks.  The active role of biceps brachii 
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during the glenohumeral flexion, scaption, and rotation tasks was examined by observing the 
activation pattern of the glenohumeral muscles before and after decreasing the active 
contribution of the muscle through induced elbow flexion fatigue. The study found no 
significant changes in EMG activity between pre and post fatigue muscle activation in the 
experimental group or the control group; despite a significant decrease in elbow flexion 
strength that was found post fatigue in the experimental group. 
The hypotheses of the current study were that the experimental group would 
demonstrate significantly greater increase in muscle activation compared to the control group 
for all muscles during each task following the fatigue protocol. The results of the current 
study do not support these hypotheses since the results indicate that the fatigue protocol had 
no effect on muscle activation patterns for all muscles involved across all glenohumeral 
motions tested. There are many possible reasons why the findings of the study didn’t support 
the study hypotheses.  First and foremost, the biceps brachii may not truly play an active role 
in glenohumeral motion.  With acute muscular fatigue, it has been shown that the use of 
synergistic muscles can increase and the desired task can be completed (Akima, et al., 2002).  
Proposed explanations to these observed changes include increased central command of the 
synergistic muscles and alterations in motor unit firing via peripheral feedback.  In the 
current study, significant changes in the synergistic muscles activation patterns were not 
found.  The absence of these changes may indicate that the biceps does not actively 
contribute to glenohumeral motion.   
 Another possible reason that may have contributed to the findings not supporting the 
hypotheses revolves around the resistance held by participants during the humeral elevation 
tasks.  Although previous studies have demonstrated the biceps to be an active contributor to 
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glenohumeral motion, the load applied to the muscle may have an effect on 
electromyographic activity (Rajendran & Kwek, 1991; Sakurai, et al., 1998).  Sakurai et al. 
(1998) examined biceps brachii EMG activity during glenohumeral tasks that varied in 
flexion, abduction, internal rotation and external rotation angles.  Participants performed 
isometric contractions against 30% of MVIC for the various shoulder motions tested.  In the 
current study, participants held 10% of their maximal strength during the elevation tasks.  
However, previous studies have used external loads comparable to those used in the current 
study (K. R. Lucas, et al., 2010; Michiels & Grevenstein, 1995).  Both of the previously 
mentioned studies used external loads ranging anywhere from 1-4 kg to complete the 
humeral elevation tasks performed in the studies.   
 The findings of this study both support and oppose previous research on the active 
contributions of the biceps brachii to glenohumeral motion.  Our findings are in line with 
Levy et al. (2001) who reported minimal activation of the biceps during flexion, abduction, 
and external rotation movements performed with the elbow locked in full extension, 
suggesting biceps activity may not be active when no elbow motion is present.  Yamaguchi et 
al. (1997) examined the biceps activity during varying glenohumeral motions in varying 
elbow flexion and extension angles and, reported that the biceps activity was minimal in all 
conditions.  The current study findings also agree with those of Landin et al. (2008), who 
concluded that the biceps brachii does not aid with elevation of the glenohumeral joint during 
the 30°-120° arc in the scapular plane.  However, Landin et al. (2008) found the biceps to 
actively contribute during the 0-30° arc, which the current study did not find.  The 
researchers concluded that the biceps only influences motion at the shoulder when it is near 
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maximal length.  These studies aid in the argument that the biceps brachii does not actively 
contribute to glenohumeral motion.   
   While the exact mechanisms that lead to fatigue are unknown, the decrease in elbow 
flexion strength indicates that the active contribution of the biceps was reduced after fatigue, 
and remained reduced until after the completion of the post-fatigue testing protocol. It has 
been shown that metabolic changes to the muscle fibers during exercise plays an important 
role in muscle fatigue (Sahlin, et al., 1998).  Some of the proposed mechanisms of muscle 
fatigue include the accumulation of metabolic byproducts ions in the muscle fibers, inhibition 
of Ca+2 release, decline of glycogen stores, and decreased conduction velocity of action 
potentials (Ament & Verkerke, 2009).  
 On the other hand, the median power frequency did not significantly change 
following the fatigue protocol. Previous studies examining median power frequency data 
agree that spectrum shifts to lower frequencies following exercise is a sign of fatigue 
(Ament, et al., 1993, 1996). These two studies examined changes in median power frequency 
after exhausting treadmill running.  In one study, 20% incline treadmill running until 
exhaustion resulted in 7%-18% decreases in isometric gastrocnemius and soleus median 
power frequencies.  A separate study looking at the effects of fatigue on median power 
frequencies found after an exhausting treadmill run at 33% incline that dynamic and 
isometric median power frequencies shifted to lower frequencies in the gastrocnemius and 
soleus (Ament, Bonga, Hof, & Verkerke, 1993, 1996).  
Contrary to the previous studies that support a decrease increases in median power 
frequency following fatigue, several studies have demonstrated increases in median power 
frequency following fatigue during submaximal contractions (Arendt-Nielsen, et al., 1989; 
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Braakhekke, et al., 1989; Hagg, 1992).  Arendt-Nielson et al. (1989) found that during 10%-
20% MVIC submaximal contractions, conduction velocities and median power frequency 
both increased.  The authors attributed this to a rise in conduction velocity of the active group 
of motor units as a consequence of a rise in temperature in the muscle.  Braakhekke et al. 
(1989) also found that with fatiguing isometric contractions, median power frequencies 
increased.  They attributed this finding to an increased recruitment of type II muscle fiber 
motor units following fatigue.        
 The possible explanation for the discrepancy in the strength and median power 
frequency may be attributed to the load the participants held during the isometric elbow 
flexion task.  During this task, the participants held a 25% load based on MVIC testing.  This 
25% load may not have been great enough to fully engage the type IIb fibers at the beginning 
of the isometric trial.  If this were the case, the type II fibers would not have had the 
opportunity to drop out over the course of the 10-second trial and produce a resultant shift to 
lower spectrum frequencies.  
Clinical Significance 
Two common surgical techniques that are employed with biceps-labral complex 
injuries include biceps tenodesis and biceps tenotomy.  Based on the findings of the current 
study, it appears that these surgical prodedures can be performed with no loss of active 
biceps brachii contributions to glenohumeral motion. Conversely, when evaluating the 
appropriateness of the surgical procedure, post surgical activity of the individual, 
proprioception, changes in coordination patterns, and rehabiliation compliance also need to 
be considered.  The current study provides an important piece of the puzzle in the overall role 
of the biceps at the glenohumeral joint.  The study also provides information individuals can 
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use to assess the overall appropriateness and effectiveness of the surgical procedures 
commonly performed on individuals with biceps-labral complex injuries .  
Limitations 
 
 There were limitations in the current study that need to be acknowledged. Although 
participants were monitored and encouraged to give full effort during the testing, individual 
effort could not be assessed. It is possible that some participants may have elected not to give 
full effort during the testing procedures (ex. strength test, fatigue protocol). Finally, flexion 
and scaption tasks in the current study were completed with the arm in full extension in order 
to limit elbow flexion, thus, conclusions about biceps activation at the glenohumeral joint 
with varying degrees of elbow flexion cannot be made. However, this was done in order to 
eliminate the biceps activity since the biceps associated with the elbow movement (Alcid, et 
al., 2004; Fornalski, et al., 2003).  In addition, the goal of the current study was strictly to 
examine the active contributions of the biceps brachii on glenohumeral elevation tasks.  
While numerous steps were taken to ensure accurate measurement of this data, other passive 
roles the biceps has been suggested to serve at the shoulder were not examined.   
Future Research 
 
 The active contributions of the biceps during various shoulder elevation tasks have 
been examined, but more research should be done examining muscle activation during more 
dynamic shoulder tasks.  Future research should include varying degrees of shoulder motion 
and varying resistance.  Multi-planar motions should be studied, as they better represent 
functional movements that occur with the overhead throwing motion.   
 Ideally, research involving muscle activation patterns should include individuals who 
have undergone the previously mentioned procedures of biceps tenodesis and biceps 
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tenotomy.  Comparing muscle activation patterns of these individuals both pre and post 
surgery would provide clearer data regarding the active role of the biceps at the glenohumeral 
joint. 
Conclusions 
The results of the current study indicate that the active contribution of the biceps is 
minimal during the glenohumeral movements.  Based on these results, it appears that the 
surgical procedures that relocate or release the biceps tendon from the glenohumeral joint to 
treat biceps-labral complex injuries (tenodesis and tenotomy) can be performed without 
affecting the activation of the other shoulder musculature.  However, the stabilization 
function of the biceps and proprioceptive changes are factors that need to be considered when 
determining the appropriateness and effectiveness of the surgery.  Further research is needed 
to examine the contributions of the biceps during multi-planar movements.         
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Figure 1: EMG electrode placement-Anterior view 
 
 
 
Figure 2: EMG electrode placement-Lateral view 
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Figure 3: EMG electrode placement-Posterior view 
  
 
Figure 4: Dynamometer positioning for fatigue protocol 
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TABLE 2: Mean and Standard Deviation of the Strength Values (% Body Mass) pre and post 
intervention 
  Experimental Control 
 Pre Post Change Pre Post Change 
Elbow flexion 30.7 ± 7.7 22.4 ± 5.4 -8.3 ± 5.1 32.3 ± 8.2 32.8 ± 8.1 0.5 ± 1.4 
Shoulder Flexion 20.9 ± 5.0 19.9 ± 3.6 -1.0 ± 3.2 23.3 ± 4.3 22.6 ± 4.1 -0.7 ± 1.8 
Scaption 21.4 ± 4.1 19.8 ± 2.7 -1.6 ± 3.1 21.6 ± 4.6 21.3 ± 4.0 
 -0.3 ± 2.2 
 
 
 
 
 
 
 
 
 
 
TABLE 1: Demographics 
 Experimental Control 
Number of Subjects (n) 15 15 
Males/Females 7/8 8/7 
Age (yrs) 19.9 ± 1.1 20.9 ± 1.9 
Mass (kg) 72.9 ± 11.8 70.5 ± 8.0 
Height (cm) 174.2 ± 9.0 173.9 ± 9.7 
       
       
TABLE 3: Median Power Frequency pre and post 
intervention 
     
 Experimental Control 
 Pre Post Pre Post 
Biceps 76.4 ± 9.8 70.4 ± 10.3 84.2 ± 22.7 84.0 ± 24.4 
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 TABLE 4: Means and Standard Deviations of % MVIC EMG activation during humeral flexion task 
  Experimental  Control 
  Pre Post Change Pre Post Change 
Biceps                    
 0-30 24.2 ± 21.7 12.3 ± 13.3 -11.8 ± 23.9  18.2 ± 16.2 15.7 ± 10.7 -2.4 ± 8.5 
 30-60 33.3 ± 29.2 19.2 ± 15.9 -14.1 ± 30.7  23.2 ± 26.1 26.1 ± 23.4 2.9 ± 9.3 
 60-90 33.1 ± 31.4 23.7 ± 21.7 -9.4 ± 32.4  23.2 ± 27.3 27.6 ± 26.5 4.3 ± 9.0 
 90-120 32.1 ± 27.4 22.2 ± 21.8 -9.9 ± 26.5  26.8 ± 33.9 29.4 ± 35.0 2.7 ± 8.6 
 Overall 30.7 ± 27.4 19.4 ± 18.2 -11.3 ± 28.4  22.9 ± 25.9 24.7 ± 23.9 1.9 ± 8.9 
        
   
       
   
Anterior Deltoid       
   
       
   
 0-30 47.3 ± 29.3 41.5 ± 33.9 -5.8 ± 26.4  40.0 ± 24.2 31.2 ± 13.1 -8.7 ± 17.8 
 30-60 80.3 ± 35.4 78.2 ± 29.5 -2.1 ± 23.2  69.2 ± 33.3 75.9 ± 36.5 6.7 ± 14.9 
 60-90 101.4 ± 41.9 111.8 ± 34.5 10.4 ± 15.9  93.6 ± 40.9 97.0 ± 40.8 3.5 ± 25.9 
 90-120 100.0 ± 37.1 114.1 ± 38.6 14.5 ± 24.6  97.8 ± 35.3 93.8 ± 36.3 -4.1 ± 29.1 
 Overall 82.3 ± 35.9 86.4 ± 34.1 4.3 ± 22.5  75.2 ± 33.4 74.5 ± 31.7 -0.65 ± 21.9 
        
   
       
   
Middle Deltoid       
   
       
   
 0-30 41.7 ± 38.1 45.2 ± 58.3 3.46 ± 30.3  21.2 ± 12.7 19.7 ± 13.0 -1.5 ± 5.5 
 30-60 69.8 ± 61.1 76.1 ± 84.5 6.26 ± 27.6  42.1 ± 20.4 48.3 ± 22.1 6.2 ± 5.6 
 60-90 73.3 ± 25.2 97.8 ± 85.0 24.4 ± 67.7  56.7 ± 22.4 62.1 ± 22.6 5.4 ± 9.3 
 90-120 73.2 ± 17.4 96.9 ± 84.4 23.6 ± 79.0  61.8 ± 19.8 60.4 ± 19.6 -1.4 ± 8.5 
 Overall 64.5 ± 35.5 79 ± 78.1 14.4 ± 51.2  45.5 ± 18.8 47.6 ± 19.3 2.2 ± 7.2 
        
   
       
   
Posterior Deltoid       
   
       
   
 0-30 13.5 ± 15.1 11.0 ± 9.3 -2.4 ± 10.0  6.9 ± 4.5 6.0 ± 3.4 -1.0 ± 2.6 
 30-60 28.1 ± 35.6 25.6 ± 22.8 -2.5 ± 16.1  14.8 ± 12.2 16.4 ± 11.9 1.6 ± 4.3 
 60-90 37.0 ± 38.6 41.4 ± 35.4 4.4 ± 10.0  22.8 ± 16.7 23.8 ± 16.0 1.0 ± 5.7 
 90-120 36.6 ± 29.3 38.6 ± 26.8 2.0 ± 8.9  24.8 ± 16.5 24.5 ± 15.0 -0.3 ± 4.9 
 Overall 28.8 ± 29.7 29.2 ± 23.6 0.38 ± 11.3  17.3 ± 12.5 17.7 ± 11.6 0.33 ± 4.4 
        
   
       
   
Infraspinatus       
   
       
   
 0-30 47.7 ± 38.1 47.8 ± 51.7 -0.03 ± 25.9  25.7 ± 15.6 22.8 ± 15.9 -2.9 ± 6.5 
 30-60 60.5 ± 34.0 67.8 ± 48.7 7.4 ± 31.9  38.2 ± 22.5 39.9 ± 26.4 1.7 ± 7.8 
 60-90 59.2 ± 35.0 66.2 ± 34.0 7.0 ± 25.1  34.6 ± 22.0 34.4 ± 23.1 -0.2 ± 5.4 
 90-120 44.4 ± 27.3 43.6 ± 20.3 -0.8 ± 17.2  25.6 ± 15.5 25.0 ± 17.5 -0.6 ± 4.6 
 Overall 53.0 ± 33.6 56.4 ± 38.7 3.4 ± 25.0  31.0 ± 18.9 30.5 ± 20.7 -0.5 ± 6.1 
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 TABLE 5: Means and Standard Deviations of % MVIC EMG activation during humeral scaption task 
  Experimental  Control 
  Pre Post Change Pre Post Change 
Biceps       
   
       
   
 0-30 34.6 ± 38.3 24.6 ± 36.9 10.1 ± 26.1  19.1 ± 15.9 18.9 ± 14.8 0.13 ± 4.7 
 30-60 46.1 ± 58.6 41.8 ± 64.3 4.3 ± 18.9  24.4 ± 21.1 24.0 ± 16.8 0.43 ± 9.7 
 60-90 44.8 ± 63.8 43.8 ± 54.3 1.0 ± 24.6  26.0 ± 23.8 26.9 ± 24.0 -0.95 ± 8.2 
 90-120 40.6 ± 46.0 31.4 ± 33.6 9.2 ± 23.7  27.9 ± 33.3 27.9 ± 30.0 -0.002 ± 7.9 
 Overall 41.5 ± 51.7 35.4 ± 47.3 6.2 ± 23.3  24.4 ± 23.5 24.4 ± 21.4 -0.098 ± 7.6 
        
   
       
   
Anterior Deltoid       
   
       
   
 0-30 49.1 ± 35.3 48.7 ± 44.3 0.5 ± 18.8  40.2 ± 26.2 41.6 ± 38.0 -1.4 ± 31.6 
 30-60 74.7 ± 46.9 84.7 ± 51.8 -10.0 ± 18.0  58.7 ± 33.1 62.7 ± 43.0 -4.0 ± 13.4 
 60-90 93.0 ± 45.2 110 ± 46.9 -16.7 ± 12.7  83.6 ± 45.4 82.2 ± 39.1 1.4 ± 31.6 
 90-120 106.4 ± 37.1 111 ± 42.4 -4.5 ± 24.8  91.6 ± 41.7 85.4 ± 34.0 6.2 ± 41.3 
 Overall 80.8 ± 41.1 88.5 ± 46.4 -7.7 ± 18.6  68.5 ± 36.6 68.0 ± 38.5 0.55 ± 29.5 
        
   
       
   
Middle Deltoid       
   
       
   
 0-30 54.7 ± 55.5 64.0 ± 73.8 -9.3 ± 22.5  30.4 ± 11.6 35.6 ± 14.8 -5.2 ± 9.6 
 30-60 71.8 ± 54.6 92.2 ± 96.5 -20.4 ± 43.8  50.1 ± 20.9 58.5 ± 21.0 -8.4 ± 7.9 
 60-90 86.7 ± 54.4 103.0 ± 84.0 -16.3 ± 31.4  62.4 ± 15.9 69.2 ± 17.2 -6.8 ± 7.1 
 90-120 82.2 ± 45.4 99.9 ± 95.4 -17.7 ± 52.6  64.7 ± 18.0 66.5 ± 19.3 -1.8 ± 7.6 
 Overall 73.9 ± 52.5 89.8 ± 87.4 -15.9 ± 37.6  51.9 ± 16.6 57.5 ± 18.1 -5.6 ± 8.1 
        
   
       
   
Posterior Deltoid       
   
       
   
 0-30 20.4 ± 22.0 17.5 ± 11.0 2.9 ± 16.1  12.7 ± 7.7 14.8 ± 9.7 -2.1 ± 3.7 
 30-60 32.8 ± 45.2 33.6 ± 33.4 -0.8 ± 13.3  23.1 ± 13.3 24.3 ± 14.0 -1.1 ± 4.7 
 60-90 38.4 ± 44.0 40.3 ± 33.0 -1.9 ± 15.5  27.3 ± 12.2 29.5 ± 13.7 -2.1 ± 4.5 
 90-120 37.2 ± 35.1 34.6 ± 20.7 2.6 ± 20.9  27.7 ± 15.6 28.2 ± 16.1 -0.55 ± 4.3 
 Overall 32.2 ± 36.6 31.5 ± 24.5 0.7 ± 16.5  22.7 ± 12.2 24.2 ± 13.4 -1.5 ± 4.3 
        
   
       
   
Infraspinatus       
   
       
   
 0-30 44.0 ± 34.7 45.1 ± 37.0 -1.1 ± 19.5  25.3 ± 12.9 25.4 ± 13.9 -0.12 ± 5.3 
 30-60 49.5 ± 33.6 59.1 ± 40.0 -9.6 ± 26.8  31.0 ± 18.3 30.8 ± 18.1 0.18 ± 5.3 
 60-90 48.6 ± 36.6 55.5 ± 35.6 -6.9 ± 28.8  27.9 ± 16.6 28.1 ± 17.6 -0.16 ± 4.4 
 90-120 40.0 ± 29.5 38.6 ± 21.9 1.4 ± 17.5  23.8 ± 14.5 23.9 ± 15.6 -0.12 ± 4.2 
 Overall 45.5 ± 33.6 49.6 ± 33.6 -4.1 ± 23.2  27 ± 15.6 27.1 ± 16.3 -0.06 ± 4.8 
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TABLE 6: Means and Standard Deviations of % MVIC EMG activation during humeral internal/external 
rotation task 
 Experimental Control 
 Pre Post Change Pre Post Change 
Biceps       
   
      
   
 IR 9.4 ± 9.3 6.3 ± 6.7 -3.1 ± 5.8 6.1 ± 7.7 5.8 ± 6.0 -0.3 ± 1.9 
 ER 9.4 ± 8.0 8.6 ± 8.9 -0.8 ± 3.0 6.2 ± 6.5 6.2 ± 6.5 -0.1 ± 0.8 
 Overall 9.4 ± 8.7 7.5 ± 7.8 -1.9 ± 4.4 6.2 ± 7.1 6.0 ± 6.3 -0.2 ± 1.3 
        
   
      
   
Anterior Deltoid       
   
      
   
 IR 18.2 ± 12.8 20.0 ± 13.8 1.8 ± 7.9 12.5 ± 10.9 11.2 ± 8.9 -1.3 ± 6.0 
 ER 18.7 ± 10.6 20.9 ± 11.4 2.2 ± 8.0 13.2 ± 11.4 13.1 ± 10.2 -0.1 ± 6.1 
 Overall 18.5 ± 11.7 20.5 ± 12.6 2.0 ± 8.0 12.9 ± 11.2 12.2 ± 9.6 -0.7 ± 6.1 
        
   
      
   
Middle Deltoid       
   
      
   
 IR 37.6 ± 26.4 42.1 ± 27.5 4.5 ± 8.2 24.2 ± 8.7 28.9 ± 9.5 4.7 ± 5.0 
 ER 33.3 ± 23.3 36.9 ± 23.1 3.5 ± 5.3 19.8 ± 7.2 23.8 ± 7.4 4.1 ± 3.8 
 Overall 35.5 ± 24.9 39.5 ± 25.3 4.0 ± 6.8 22.0 ± 8.0 26.4 ± 8.5 4.4 ± 4.4 
        
   
      
   
Posterior Deltoid       
   
      
   
 IR 13.6 ± 6.7 15.6 ± 9.4 2.0 ± 3.7 13.1 ± 5.1 15.3 ± 5.4 2.2 ± 2.6 
 ER 11.8 ± 5.0 13.8 ± 7.2 2.1 ± 3.1 10.5 ± 3.9 13.3 ± 5.5 2.8 ± 3.1 
 Overall 12.7 ± 5.9 14.7 ± 8.3 2.1 ± 3.4 11.8 ± 4.5 14.3 ± 5.5 2.5 ± 2.9 
        
   
      
   
Infraspinatus       
   
      
   
 IR 15.4 ± 5.5 16.4 ± 6.0 1.0 ± 4.7 10.7 ± 4.8 11.3 ± 5.6 0.6 ± 1.5 
 ER 23.1 ± 9.1 26.1 ± 10.6 3.1 ± 7.4 17.8 ± 9.0 18.6 ± 9.7 0.8 ± 2.8 
 Overall 19.3 ± 7.3 21.3 ± 8.3 2.0 ± 6.1 14.3 ± 6.9 15.0 ± 7.7 0.7 ± 2.2 
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